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Abstract 
Metaphyton Mat Conditions and their Effects on Filamentous Algal Communities and 
their Diatom Epiphytes 
Lynnette Lavery Saunders 
Susan Soltau Kilham, Ph.D. 
 
 
 
 
 Floating filamentous algal mats known as metaphyton form nuisance blooms in 
lentic waters and affect the use of these waters as well as nutrient cycling and food webs.  
Metaphyton initially form as benthic mats when water clarity and solar radiation are 
sufficient to produce buoyant oxygen bubbles that float the algae to the surface.  At the 
surface the floating mats may experience high solar radiation, temperature, and water 
loss, but lower nutrients.  I investigated the conditions and changes over 57 days within 
layers of floating filamentous mats by making measurements, with micoprobes every 2, 
4, and 6 cm down through mats held in floating nets.  Mats were then collected, 
filamentous algae and their diatom epiphytes were identified, enumerated, and analyzed 
for N, P, C, Si, AFDM and chlorophyll-a.  Light intensity, temperature, dissolved 
oxygen, dry mass, and AFDM all dropped significantly with increasing depth in the mat.  
The dominant filament, Pithophora did not change over the sampling period, and there 
was almost no difference in dominance in the different layers, or at the center versus the 
edge of the mats.  There was a decline in the condition of the filaments over time with the 
2 cm layer showing the greatest decline.  The 6 cm layer had the lowest biomass and 
concentrations of N, P, C, and Si over the sampling period but the highest chlorophyll-
a:AFDM ratio.  The diatom coverage per filament was significantly higher at the edge 
versus the center of the mat.  The 2 cm layer showed the greatest downward trend in 
diatom coverage over the sampling period.  The density of the diatoms Gomphonema, 
 xiv
Cocconeis, and Fragilaria were significantly correlated with lower light intensity and 
layers of the mat.  Cymbella/Encyonema density was significantly correlated with higher 
light intensity.  Gomphonema, Cocconeis, and Nitzschia were positively correlated with 
filaments with higher chlorophyll-a content.  Achnanthidium, Cymbella/Encyonema, and 
Nitzschia required higher levels of Si.  Diatoms with different growth habits responded 
similarly to measured variables.  Stalk-forming Gomphonema and adnate Cocconeis both 
occurred in lower light areas and grew well under low N and P conditions.  Location 
within a mat affected filament condition and epiphyte genera. 
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Introduction 
Flab, pond scum, pseudoperiphyton and pseudoplankton are all terms that have 
been used for metaphyton typically defined as unattached, mat-forming filamentous algae 
which covers the bottom of shallow ponds then becomes suspended.  Most species of 
filamentous, freshwater, green algae have been found in such floating mats (Hillebrand 
1983; Wetzel 1996; Zohary et al. 1998).  Metaphyton communities dominated by 
cyanobacteria can also occur, especially in calm, warm weather in eutrophic lakes 
(Hillebrand 1983; Downing et al. 2001; Scheffer 2001).   In general, metaphyton consists 
of floating mats of algae that originate as benthic biofilms but lift off the pond bottom, or 
other benthic surfaces such as the leaves and stems of aquatic macrophytes, when sunny 
days produce sufficient amounts of trapped gases to float the mats to the surface.  In 
temperate regions, this usually does not occur before March (Wetzel 1996; Zohary et al. 
1998). 
Metaphyton can affect the ecology of a pond in many ways.  As benthic mats they 
can intercept nutrients from the sediments and therefore reduce the amount available to 
phytoplankton and floating macrophytes (Ozimek 1990; Scheffer 2001; Irfanullah and 
Moss 2005).  The benthic mats can also hold pond sediment in place preventing 
suspension, with its nutrients, into the water column (Graham and Wilcox 2000; Scheffer 
2001).  As benthic mats carry on photosynthesis they can create aerobic conditions at the 
surface of the sediments which oxidize iron causing it to precipitate with bound 
phosphorus, therefore making phosphorus unavailable to organisms (Scheffer 2001; 
Sterner and Elser 2002).  Once the benthic mats come to the surface of a pond they can 
block sunlight from other submerged autotrophs and phytoplankton.  This shading not 
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only reduces photosynthesis but also pond water temperatures (Goldsborough and 
Robinson 1996).  Most filamentous species that are found in metaphyton are palatable to 
grazers such as snails, mayfly nymphs, midge larvae, tadpoles, and fish (Graham and 
Wilcox 2000).  Detritus from the filaments and epiphytes on the filaments are also a 
source of food for isopods, snails and insect larvae (Scheffer 2001).  Metaphyton mats 
can also provide refuge from predators for zooplankton, macroinvertebrates, and small 
fish (Schriver et al. 1995; Scheffer 2001).  The density of phytoplankton is often low in 
mat covered lakes due to a drop in plankton productivity because of shading and 
increased grazing pressure from zooplankton finding protection in the mats (Scheffer 
2001).  Once the mats begin to senescence and die they can cause anaerobic conditions to 
develop in the pond as bacteria break them down and use up dissolved oxygen.  The 
reducing conditions also release phosphorus from the sediments (Scheffer 2001; Wetzel 
2001).  The lack of dissolved oxygen in the water stresses fish, tadpoles and aquatic 
insect larvae.  The decay of metaphyton also releases nutrients such as nitrogen and 
phosphorus which can then stimulate the growth of other autotrophs (Pieczyriska and 
Tarmanowska 1996). 
Conditions Around and In Metaphyton Mats 
Metaphyton tends to dominate the surfaces of shallow ponds when water clarity, 
solar irradiation and water nutrient content are high because these conditions are 
conducive to good light penetration and therefore the high rates of photosynthesis 
necessary to produce the amount of oxygen gas needed to lift the algal mats from the 
sediment surface (Wetzel 1996; Zohary et al. 1998; Scheffer 2001).  Once the mats rise to 
the water’s surface, conditions change drastically for the exposed algae.  The algae are no 
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longer in contact with nutrient-rich sediments, and solar radiation and temperature rise 
dramatically.  Nitrogen fixation is often inhibited in cyanobacteria at the water’s surface 
on sunny days (Wetzel 2001).  Uptake of carbon dioxide and nitrogen can be reduced as 
the algal cells experience desiccation (Ibelings and Mur 1992).  In fact, the temperature at 
the top of a floating mat can reach lethal levels during the day and dehydration can 
become a problem for algae.  The UV radiation can also reach levels that cause 
photoinhibition, degradation of photosynthetic pigments, cell bleaching, DNA damage, 
and even cell death in the upper layers of the mat (Hillebrand 1983; Usher and Blinn 
1990; Ibelings and Mur 1992; Lembi 2000; Berry and Sinha et al. 2001; Jiang and Qiu 
2005; Falkowski and Raven 2007).  Photoinhibition occurs when electron transport 
capacity is less than the rate at which photons are absorbed and delivered to photosystem 
II (PSII).  This can lead to the generation of free radicals which can destroy pigments and 
proteins within PSII reaction centers.  Cells can often repair such damage overnight 
provided resources are sufficient.  If the resources are present, cells can also produce 
protective pigments such as carotenoids which can absorb UV-B.  Therefore, nutrient 
availability can affect how much damage high photon flux rates and UV radiation cause 
to algal cells (Falkowski and Raven 2007). 
While the surface of a floating algal mat is exposed to high light conditions, the 
lower layer of the mat can experience low light levels, which can reduce algal growth 
(Graham et al. 1995).  When light intensity is less than optimal for growth many algal 
species need more nutrients such as nitrogen, phosphorus and silica but this can vary with 
species (van Donk and Kilham 1990; Borchardt 1996).  For example, many algal species 
require more nitrogen in order to produce more nitrogen-rich photosynthetic pigments in 
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low light conditions (Rhee and Gotham 1981; Interlandi and Kilham 2001).  In general, 
algae use between 4 to 9 quanta of light energy per molecule of carbon dioxide reduced 
(Falkowski and Raven 2007). 
Changes in Algal Filament Taxa 
Although a particular filamentous algal species often dominates in a given pond, 
dominance can change throughout a season and from year to year as conditions change 
(Hillebrand 1983; Zohary et al. 1998; Scheffer 2001; Anderson 2004).  Goldsborough 
and Robinson (1996) stated that solar insolation, water temperature, water depth, 
macrophyte types, nutrient and mineral concentrations, and the nature of algal 
assemblages present will determine whether epipelon, epiphyton, metaphyton, or 
phytoplankton dominate in a given water body.  The addition of nutrients can increase the 
occurrence of metaphyton as in studies done by McDougal et al. (1997).  When a total of 
11.7 g m-2 of nitrogen and 1.6 g m-2 of phosphorus were added to shallow enclosures, the 
community shifted from macrophytes and phytoplankton to metaphyton.  The shift was 
attributed to protection from wind and increased nutrients.  How nutrients are introduced 
to the water column can affect which algal species dominate.  When the nutrients were 
added in two pulses Cladophora sp. was more common, but when the nutrients were 
added in small amounts over time Enteromorpha intestinalis was the more common 
species (McDougal et al. 1997).  Borchardt (1996) found that Cladophora glomerata and 
Stigeoclonium tenue seemed to prefer conditions with high N and P concentrations.  In 
phytoplankton communities phosphorus enrichment usually leads to dominance by 
nitrogen-fixing cyanobacteria (Borchardt 1996).  Mougeotia was sensitive to the addition 
of nitrate in culture medium, with filaments fragmenting with higher (10-1M) or lower 
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(10-4M) concentrations of KNO3 (Stabenau and Säftel 1989).  Fairchild et al. (1989) also 
observed a decline in prevalence of Mougeotia and Oedogonium with increasing nutrient 
supply.  Hydrodictyon has a high affinity for dissolved inorganic nitrogen (DIN) and is 
thus able to dominate in low nitrogen situations over Cladophora (Hawes and Smith 
1993; Hall and Payne 1997). 
The chlorophyte Mougeotia sp. tolerates a wide range of pH (3 to 9) but often 
seems to dominate in acidified lakes with a pH near 5.6 (Turner et al. 1987; Fairchild and 
Sherman 1993; Graham 1996a) most probably because it tolerates higher levels of zinc (≥ 
2400 µg L-1) and aluminum (up to 3600 µg L-1), and is efficient at carbon dioxide and 
dissolved organic carbon uptake (Turner et al. 1991; Graham 1996a).  Zygnematales may 
also gain an advantage from increased water clarity in acidified lakes (Turner et al. 1991).  
In general, as pH declines (< 5.6) cyanobacteria become less dominant in the shallow 
water areas (≤ 1m) and chlorophytes, especially Zygnematales become more dominant 
(Turner et al. 1991).  Oedogonium was also more prevalent at lower pH levels (Fairchild 
et al. 1989).  Other chlorophytes, such as Cladophora (McDougal et al. 1997) and 
Rhizoclonium (Gupta and Agrawal 2004) prefer neutral pH values.  
Light intensity and temperature can also affect which algal species are most 
dominant throughout the year.  Mougeotia showed positive net photosynthesis at a light 
irradiance as low as 10 µmol m-2 s-1 at 10˚C with maximum net photosynthesis at 25 ˚C 
over an irradiance range from 330 to 2330 µmol m-2 s-1 (Graham et al. 1996b).  
Mougeotia has an axial ribbon-like chloroplast that can orient toward light which would 
help it garner light efficiently in low light conditions (Graham and Wilcox 2000).  
Optimal photosynthetic conditions for Cladophora glomerata were 15 ˚C and 300 µmol 
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m-2 s-1 light in a study by Graham et al. (1982), while Pithophora oedogonia preferred 26 
˚C and 970 µmol m-2 s-1 light in studies by Spencer et al. (1985).  Ulothrix zonata 
(Graham et al. 1985) reached maximum net photosynthesis at 5 ˚C and 1,100 µmol m-2 s-1 
light while Spirogyra had its maximum at 25 ˚C and 1,500 µmol m-2 s-1 light (Graham et 
al. 1995).  Spirogyra could not tolerate high temperatures (30 to 35˚C) and low light (7 to 
35 µmol m-2 s-1) (Graham et al. 1995).  Hydrodictyon was found to tolerate a wide range 
of temperatures (6 to 40˚C) but grew best at 25˚C with 150 µmol m-2s-1 light (Hawes and 
Smith 1993; Hall and Payne 1999).  Cladophora glomerata abundance may also be 
reduced by excessive epiphyte loads (Stevenson and Stoermer 1982; Dodds 1991).  Thus, 
as temperatures and day lengths change throughout the seasons, the conditions will tend 
to be more optimal for one species over another. 
Akinetes 
Decreasing temperatures and light over the seasons lower the rate of 
photosynthesis (O’Neal et al. 1985) and often signal algae to form resting structures such 
as akinetes (Spencer et al. 1980; Happey-Wood 1991; Sandgren 1991; Graham et al. 
1995; Sussmann and DeWreede 2001).  Akinetes are morphologically and 
physiologically differentiated cells that arise from vegetative cells and are normally 
larger with a thickened cell wall.  Akinetes could be an indication that the algae are 
experiencing stressful conditions such as low phosphorus or low carbohydrate stores 
(Van Den Hoek et al. 1995).  Akinetes are able to accumulate rich supplies of carbon and 
nitrogen based storage materials that allow the cell to survive during, and germinate after 
unfavorable conditions (O’Neal et al. 1985; Pearl 1991; Graham and Wilcox 2000).  
Akinetes can survive and germinate after desiccation (Agrawal and Singh 2000).  Large 
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numbers of akinetes may accumulate in benthic sediments giving rise to sudden nuisance 
blooms when they germinate (O’Neal and Lembi 1983; Graham and Wilcox 2000).  
Akinetes can remain viable in the sediments for years (Van Den Hoek et al. 1995).  Pearl 
(1991) has noted that a number of cyanobacteria such as Anabaena, Aphanizomenon, 
Gloeotrichia, and Nostoc can form akinetes when nutrients such and N and P are low, or 
water temperatures decline and vertical mixing of the water column occurs.  The 
chlorophyte Pithophora is noted for its pattern of alternating vegetative cells and akinetes 
(Graham 2000) and akinete formation increased with dropping temperatures, day length, 
and nutrient limitation in studies done by Spencer et al. (1980) and O’Neal et al. (1985). 
Epiphytes 
Another factor that can affect filamentous algal growth is the presence of 
epiphytes.  An epiphyte is an organism that grows on the surface of a plant or algae.  The 
interaction between epiphytes and their living substrate seems to vary.  Some epiphytes 
are ‘host’ specific while others are not (Graham and Wilcox 2000).  While it is obvious 
that a heavy growth of epiphytes could limit light and therefore photosynthesis 
(Stevenson and Stroemer 1982), epiphytes might also reduce high light levels that could 
otherwise cause photoinhibition.  Perhaps the epiphytes use light of different wavelengths 
from that of the host.  Epiphytes may also protect their host from predation and 
desiccation or heavy epiphytic growth may occur too late in the season to grossly affect 
host survival (Burkholder 1996). 
Whether or not epiphytes take nutrients from their host also seems to vary.  Some 
studies indicated that a layer of epiphytes could intercept nutrients that the host needs and 
increase drag (Usher and Blinn 1990; Ruesink 1998).  Older plant tissues tend to lose 
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more nutrients than younger tissue so epiphytes could obtain more nutrients during 
substrate senescence (Stevenson and Stroemer 1982).  It seems that in eutrophic waters 
epiphytes can attain the nutrients they need from the water column while they depend 
more on the host in oligotrophic waters (Burkholder 1996; Wehr and Sheath 2003).  But 
epiphytes may garner some of their phosphorus needs from the host, especially adnate 
forms such as Achnanthes while stalked forms such as Gomphonema seem to obtain less 
(Burkholder and Wetzel 1990).  In one case it appears that the host receives nutrients 
from the epiphyte.  Cladophora survive in nutrient poor waters by using the nitrogen 
fixed by epiphytic cyanobacteria (Dodds and Gudder 1992). 
The density and diversity of epiphytes varies with the algal host.  In a study by 
Sheath and Morison (1982) the density of epiphytes found on Cladophora ranged from 
1187 to 2388 cells per mm2 with fewer cells on newer growth.  In a study by Mpawenaya 
and Mathooko (2005) fifty-seven species of diatoms were found as epiphytes on 
Cladophora.  The species belonged to the genera Cyclotella, Fragilaria, Eunotia, 
Achnanthes, Cocconeis, Rhoicosphenia, Amphora, Anomoeoneis, Craticula, Diploneis, 
Encyonema, Frustulia, Gomphonema, Navicula, Neidium, Pinnularia, Sellophora, 
Stauroneis, Hantzschia, Nitzschia, Epithemia, Rhopalodia and Surirella.  Some algae 
discourage epiphytic growth by the production of mucilage sheaths.  Ulothrix and 
Stigeoclonium are examples of this strategy.  Other species may slough off their surface 
cells or experience a rapid rate of growth so that their load of epiphytes is reduced.  
Allelopathy can also occur.  Chara globularis produces sulfur based compounds that 
reduce photosynthesis in the diatom Nitzschia palea (Burkholder 1996). 
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Metaphyton and Pond Nutrients 
Metaphyton can influence the nutrient cycles in a pond especially in the littoral 
zone where their abundance or biomass can be high.  They have also been shown to 
intercept or prevent the release of nutrients from the sediments during the benthic phase 
of growth (Wetzel 2001).  In shallow ponds and wetlands metaphyton can be dominant 
producers and therefore significantly affect the assimilation and sequestering of nutrients 
within a system (Wetzel 1996; McDougal et al. 1997; Scheffer 2001; Wetzel 2001).  In 
general, planktonic algae are relatively isolated in the water column and therefore do not 
efficiently recycle nutrients between themselves.  Metaphyton on the other hand can 
more easily reuse nutrients due to the close proximity of cells within a dense mat (Wetzel 
1996; Wetzel 2001).  Some algae are even able to excrete extracellular alkaline 
phosphatase enzymes that can release usable P from organic compounds around them 
(Graham and Wilcox 2000; Wetzel 2001).  Algae possessing these enzymes therefore 
have an advantage when P is in short supply due to low concentrations in the water 
column or high use within a dense mat (Sandgren 1991; Wetzel 2001). 
Carbon is not usually a limiting nutrient in most lakes since CO2 is readily 
available from the atmosphere and dissolved carbonates enter from most watersheds.  
However, dissolved CO2 can reach low levels in the epilimnion of highly productive 
lakes during summer stratification as the CO2 is consumed for photosynthesis (Wetzel 
2001).  Carbon can also be limiting in acidic lakes since equilibria reactions would 
ultimately release CO2 back to the atmosphere and reduce the concentration of HCO3- 
present (Turner et al. 1987; Turner et al. 1991; Fairchild and Sherman 1993; Falkowski 
and Raven 2007).  The principal form of carbon used by phytoplankton and filamentous 
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algae is HCO3- (Planas 1996; Tortell and Morel 2002), but species adapted to acidic 
conditions use CO2.  For example, Mougeotia is much more efficient at the uptake of 
CO2 than of HCO3- (Planas 1996; Turner et al. 1997).  In acidic conditions (pH < 4) when 
mainly CO2 is available, many algae are able to concentrate CO2 in their cells for use in 
photosynthesis (Williams and Turpin 1987; Gross 2000).  Some carbon also occurs in 
organic compounds from detritus as dissolved organic carbon (DOC) (Wetzel and Likens 
2000; Wetzel 2001) which a few algae such as Mougeotia can use (Graham et al. 1996a). 
In general the carbon content of organic matter is at least an order of magnitude 
greater than the nitrogen content (Wetzel 2001).  Nutrient stoichiometry affects algal 
species community composition and growth, and nutrient ratios can indicate which 
nutrients are limiting.  For example, a molar C:N ratio greater than 14.6 can indicate a 
severe nitrogen shortage, between 8.3 and 14.6 a moderate deficiency, and less than 8.3 
no nitrogen deficiency (Kilham 1990; Wetzel 2001).  A C:P ratio > 369 and N:P > 32 
indicate P limitation (Kahlert 1998; Liess and Hillebrand 2006).  However, the 
percentage of carbon in living algal cells is usually quite low (~8.0%) (Frost et al. 2005).  
The majority of the carbon seems to come from cellular exudates, microorganisms, and 
dead cellular material (Frost et al. 2005).  Addition of C to an experimental lake caused 
no change in the C:P ratio of epilithic algae in studies done by Frost and Elser (2002) so 
nutrient ratios must be used with caution.  However, they do indicate food quality since 
consumers need to maintain particular C:N:P ratios (Sterner and Elser 2002) so they are 
important in food web interactions and in determining community structure (Kilham 
1990). 
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Nitrogen is required by algae for protein and nucleic acid synthesis.  The most 
common forms of nitrogen found in lakes and ponds are ammonium nitrogen (NH4-N), 
nitrite nitrogen (NO2-N), nitrate nitrogen (NO3-N), dissolved organic nitrogen (DON), 
and usually smaller amounts of particulate organic nitrogen (PON).  Small amounts of 
nitrate can enter lakes and ponds from the atmosphere although this source is increasing 
in importance due to anthropogenic inputs.  Runoff from the watershed is usually the 
major source of nitrogen for most lakes and ponds, especially in areas where inorganic 
fertilizers are in use.  Inputs of organic N, NO3-N and NH4-N from sewage can also be 
large.  In unpolluted surface waters the NO2-N concentration ranges from 0-0.01 mg  
L-1, NO3-N ranges from 0-10 mg L-1 and NH4-N ranges from 0-5 mg L-1.  All 
concentrations vary with the seasons and productivity of the lake or pond as well as with 
pollution inputs (Wetzel 2001). 
Algae use phosphorus in phospholipids, sugar phosphates, nucleotides, and 
energy transfer molecules such as ATP.  Phosphorus is the nutrient most likely to limit 
growth in algae since it is usually the least abundant and is taken up rapidly by actively 
growing cells (Wetzel 2001; Sterner and Elser 2002)  Higher P content within algal cells 
can indicate an actively growing algal mat since lots of P-rich RNA is needed for protein 
synthesis (Vrede et al. 2004).  In uncontaminated surface waters the total phosphorus 
(dissolved and particulate) concentration often ranges from 10 to 50 µg L-1, but 
concentrations can vary widely depending on local geology, and the size, slope, and 
vegetation of the watershed.  Inorganic soluble phosphorus (orthophosphate) is 
consistently very low in concentration and makes up less than five percent of total 
phosphorus in most lakes and ponds (Wetzel 2001).  In the epilimnion, soluble 
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phosphorus is usually taken up very rapidly during the growing season.  Algae tend to 
take up phosphorus during the day and can often store large amounts (van Donk and 
Kilham 1990; Borchardt 1996; Martin-Jézéquel et al. 2000; Wetzel 2001), but they 
excrete extracellular organic phosphorus compounds during rapid growth periods, when 
phosphorus is more available, and during senescence (Lean 1973a and b; Wetzel 2001).  
Many algae, including Pithophora (Spencer and Lembi 1981) and diatoms are 
known to store nitrogen and phosphorus when these nutrients are in excess and to use 
them when the supply is more limited (Keenan and Auer 1974; van Donk and Kilham 
1990; Borchardt 1996; Martin-Jézéquel et al. 2000; Hall et al. 2005; Lee and Tsai 2005).  
This is called luxury uptake and changes the stoichiometry of algal cells in relation to the 
water column, and means that growth rates can remain unchanged even though the uptake 
of nutrients declines.  For example P may be sufficient early in a growing season and 
cells take up more than needed.  Later in the season if P becomes limiting, cells may 
continue growth by using stored P and there will be no change in the cytoplasmic P 
content until stores are depleted (Sterner and Elser 2002).  Diatoms such as Gomphonema 
(Keenan and Auer 1974) cyanobacteria (Ritchie et al 2001), and benthic communities 
(Portielje and Lijklema 1994) are just a few examples illustrating luxury uptake.  
Diatoms use silica (SiO2) to build their frustules and are important in affecting the 
silica concentration in surface waters (Martin-Jézéquel et al. 2000).  Aluminosilicate 
minerals are the major source of silica for natural waters with runoff concentrations 
averaging about 13 mg L-1 (Wetzel 2001).  Groundwater can also be a significant source 
of silica for some lakes (Hurley et al. 1985).  Silica concentrations in the water column 
usually vary dramatically with the season due to diatom activity.  Many diatoms are able 
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to concentrate silica within the cell (Martin-Jézéquel et al. 2000).  In order to build their 
frustules diatoms also need energy so a ratio of Si:light can indicate whether one of these 
important resources is in short supply. 
Algal Filament Condition 
As mentioned earlier, when benthic algae are in contact with the sediments they 
tend to be in a more nutrient-rich environment since the sediment collects dead and 
decaying organisms, fecal material, etc.  When sediments become anoxic phosphorus and 
nitrogen can be released due to increased solubility in the interstitial water near the 
sediment-water interface because of bacterial action.  These nutrients can then be 
intercepted by benthic algae (Wetzel 1996).  Once these benthic algae float to the surface 
they are exposed to the lower nutrient content of the water column as well as warmer 
temperatures, harmful UV radiation, and desiccation (Hillebrand 1983; Usher and Blinn 
1990; Ibelings and Mur 1992; Berry and Lembi 2000; Sinha et al. 2001; Jiang and Qiu 
2005; Falkowski and Raven 2007). 
One way to assess changes in the condition of the now floating filaments is by 
comparing changes in nutrients and their ratios over the sampling period.  Nutrient ratios 
can be affected by a number of factors.  For example, algal cell walls are composed of 
molecules such as cellulose which contains mostly C and has virtually no N or P.  
Cellulose can be somewhat difficult to break down leaving a higher C content in partially 
decomposed cells (Sterner and Elser 2002).  As filaments decay decomposers can also 
selectively remove more nitrogen and phosphorus so the amounts of these two nutrients 
should decline more quickly than the amount of carbon so C:N and C:P ratios increase as 
filament condition declines (Wetzel and Likens 2000; Wetzel 2001).  The N:P ratio can 
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indicate if P is lost more quickly than N (Liess and Hillebrand 2006).  Other nutrient 
ratios may also change as discussed above.  In addition, the ratio of chlorophyll-a to ash-
free dry mass (AFDM) can be a useful indicator of the autotrophic state of filaments.  As 
filaments die and decay chlorophyll-a would be expected to decrease before AFDM so 
this ratio would decrease as filaments senesce.  Also the loss of chlorophyll-a and AFDM 
on their own can indicate a drop in biomass (APHA 1998; Wetzel and Likens 2000).  The 
simple loss of mass is also an indicator of filament decay (Salovius and Bonsdorff 2004).  
As algae decay the nutrients lost might also stimulate growth of surrounding organisms.  
In a study by Pieczyriska and Tarmanowska (1996) decomposing Cladophora lost N and 
P to the water column, which could stimulate macrophyte growth.  Diatom and bacterial 
growth were stimulated by decomposing Ceratophyllum (Best 1990) as it lost C, N, and 
P.  As noted earlier, formation of akinetes can also indicate declining filament condition. 
Metaphyton and Small Ponds 
Algae are an important energy source for consumers and decomposers in many 
small ponds and can be the major producers due to their large numbers and rapid turnover 
rate.  They are also important in the conversion of vital inorganic compounds into forms 
usable by other organisms.  An example would be the conversion of atmospheric nitrogen 
into ammonia and amino acids by cyanobacteria (Borchardt 1996).  As far back as 1961, 
Lewis and Bender demonstrated that when a large percentage of pond surface area is 
covered with Pithophora, dissolved oxygen is greatly reduced while carbon dioxide 
levels are abnormally high.  Of course, such conditions greatly stress fish.  
Decomposition of such thick algal mats can lead to anoxic conditions (Jiang and Qiu 
2005) and the release of nutrients (Piecayńska and Tarmanowska 1996).  Thick surface 
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mats block sunlight and therefore reduce photosynthesis and temperature for macrophytes 
and algae beneath (Goldsborough and Robinson 1996).  Investigations that further our 
knowledge of the environment within such floating mats, including the general condition 
of the algal filaments and nutrient changes over the season, should ultimately lead to 
better methods of control. 
Methods to control metaphyton growth are also important economically since 
thick floating mats of metaphyton on the surface of a pond decrease the value of the 
pond.  Swimming in long slimy strands of algae is not considered desirable by most 
people and boating can become more difficult as algal strands entangle motorboat blades 
or canoe paddles.  Fishstocks in the pond may also be reduced as discussed above.  Thick 
globs of metaphyton can also block water intake pipes and foul livestock ponds. 
The study of small impoundments (<0.001 km2) is important since these 
constitute the greatest portion of lacustrine surface area and have the potential to greatly 
affect global nutrient and productivity estimates (Smith et al. 2000; Fairchild et al. 2005; 
Downing et al. 2006; Downing et al. 2008).  Impounding water increases water retention 
time, and evaporation rates, as well as retention of sediments, changes in groundwater 
recharge, and recycling of soil nutrients (Smith et al. 2000).  Small constructed ponds that 
impound streams greatly affect the stream’s water chemistry (Sterner and Elser 2002).  
Water downstream from ponds contains less SiO2, NO3- and PO43- but has higher pH, 
alkalinity, dissolved oxygen, particulates, DOC, DON, and DOP than upstream water 
(Fairchild and Velinsky 2006). 
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The objective of this study was to assess changes in metaphyton mats and their 
epiphytes after they come to the surface of a pond.  To achieve this objective the study 
asked the following questions within the stated categories. 
Conditions in and Around the Mat: 
1. What are the conditions around floating metaphyton mats including temperature, 
light intensity, and nutrient availability? 
2. What are the conditions within floating metaphyton mats at various layers 
including temperature, light intensity, and dissolved oxygen? 
Filaments, Epiphytes and Changes over the Sampling Period: 
3. Is there a difference in filament genera in the various layers at the center and edge 
of a mat and does it change over the sampling period? 
4. Is there a difference in the number of akinetes in the different layers of a mat, or 
between the center and edge of the mat and does it change over the sampling 
period? 
5. Is there a change in the condition of the filaments over time in the different layers 
of a mat as assessed by biomass, chlorophyll-a, AFDM, and nutrient changes? 
6. Is there a difference in epiphyte coverage in the various layers at the center and 
edge of a mat and does it change over the sampling period? 
7. Is there a difference in epiphyte genera in the various center and edge layers of a 
mat and does it change over the sampling period? 
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Study Pond 
I chose a small, shallow, manmade pond that is typical of many areas of southeast 
Pennsylvania for this study.  Research in progress on the history and distribution of ponds 
in Chester County, Pennsylvania has found over 4,000 similar ponds (G. W. Fairchild, 
unpublished data).  As stated above small impoundments are the most common size with 
global nutrient implications.  The pond, Bradford Acres, is located in Chester County at 
39˚36´54 N latitude and 75˚36´5 W longitude, near the city of West Chester, PA.  The 
pond is part of a common area in a suburban neighborhood and is surrounded by mowed, 
fertilized lawns.  It tends to be eutrophic and its trophic state was measured using 
Carlson’s (1977) trophic state index (TSI) as eutrophic-hypereutrophic by Fairchild et al. 
(2005 – see Fig. 5 with the pond indicated as BR).  There was some rooted vegetation 
consisting mostly of Nuphar variegatum and Sagittaria sp. around the shallow edges of 
the pond except at the southern end near the outflow which is shaded by trees.  The pond 
is shallow at the northern edge near the inflow and deepens toward the outflow (Fig. 1), 
with a mean depth of 1.79 m and a maximum depth of 4.0 m (Anderson 2004).  The total 
surface area of the pond is 0.76 ha with a watershed area of 34.36 ha (Fig. 2).  During 
periods of low rainfall, outflow from the pond may cease (Anderson 2004).  During the 
study period surface water temperature ranged from 24˚C to 32˚C.  Large grass carp that 
were purposely introduced into the pond to control vascular plant growth often disturb 
the sediments.  Such disturbances of the sediments increased turbidity and the release of 
nutrients to the water column (Scheffer 2001).  Secchi depths were greater than pond 
depth (130 cm at northern end) on 16 July and 80 cm on 8 August, 2004.  Canada geese, 
Branta canadensis, reside around the pond at times, also adding nutrients, especially 
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nitrogen and phosphorus (Wetzel 2001).  Seasonal blooms of metaphyton were a 
continuing occurrence in the pond.  Recently aerators have been installed which have 
decreased the blooms. 
 
Methods and Materials 
Measurements of surface water temperature, pH, turbidity and conductivity were 
collected from the study pond in 2002 (Anderson 2004), 2004 and 2005 (this study) using 
an YSI model 6600EDS-S Hydrolab Sonde.  I did a preliminary study in 2004 and 
collected water samples on 16 and 29 July, and 30 August at a depth of 0.5 meter using a 
VanDorn sampler.  For this study (2005) I again collected water samples at 0.5 meter 
below the pond surface using a VanDorn sampler on 10 July, 11 and 25 September.  For 
both studies I filtered the collected water in the field through a Whatman GF/F (0.6-0.7 
µm pore size) filter that had been repeatedly rinsed with glass-distilled water.  The 
filtered water was collected in pre-cleaned HDPE bottles then stored in a cooler until 
returned to the lab and frozen until further analysis for dissolved organic carbon (DOC), 
total dissolved phosphorus (TDP), nitrate nitrogen (NO3-N), nitrite nitrogen (NO2-N), 
and soluble Kjeldahl nitrogen (SKN-ammonia nitrogen plus dissolved organic nitrogen).  
I collected a second set of samples but filtered them through pre-combusted 
polycarbonate filters for silica analysis and stored them in a refrigerator (APHA 1998; 
Wetzel and Likens 2000) until further analysis.  Readings for pH, temperature, 
conductivity and turbidity were obtained at a depth of 0.5 m, in the study area using the 
Hydrolab. 
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Water samples were analyzed at the Academy of Natural Sciences of 
Philadelphia.  Soluble Kjeldahl nitrogen was determined by analyzing for ammonia by 
semi-automated colorimetry following sulfuric acid digestion.  Kjeldahl nitrogen is the 
sum of free-ammonia and organic nitrogen compounds which are converted to 
ammonium sulfate under sulfuric acid digestion as described in U.S. Environmental 
Protection Agency (EPA) Method 351.2 (1993).  Nitrite and nitrate nitrogen were 
determined by passing a filtered sample through a column to reduce nitrite to nitrate and 
form an azo dye which was measured colorimetrically as per EPA Method 353.2 (1993).  
Nitrite was determined separately by azo dye formation without reduction.  Total 
dissolved phosphorus concentrations were determined colorimetrically using an 
antimony-phospho-molybdate complex as described in EPA Method 365.1 (1993).  Silica 
was reacted with molybdate reagent in acid media to form a silicomolybdate complex, 
which was reduced to form molybdate blue, which was analyzed colorimetrically as 
described in U.S. Geological Survey (USGS) method 1-2700-85 (www.nemi.gov).  
Dissolved organic carbon was combusted in the presence of an oxidative catalyst to form 
CO2.  The CO2 was then carried on a gas stream to be measured by an infrared analyzer 
as described in APHA method 5310 B (1998). 
In order to observe changes over time for mats of metaphyton, 24 floating nets 
were set out in the pond on 30 July, 2005.  Each circular net (Fig. 3) had an inside 
diameter of 16 cm and a depth of approximately 8 cm.  The netting itself was 300 micron 
mesh Nitex® fabric.  Each net had four foam floats, about 10 cm in length, attached 
around the edge.  A very thin, clear, acetate sheet 15 cm high was then attached above the 
net to prevent the algae from spilling out during windy periods.  In order to fill the nets I 
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collected benthic algae from the bottom of the pond near the northeast end at a depth of 
1.3 meters using a 300 micron mesh long-handled dip net.  I brought the algae to the 
surface and rinsed off the sediment by gently dipping the net up and down in the pond 
without letting water come over the top of the net.  The wet material was allowed to drain 
through the netting, and using a Pesola scale, I weighed out 25 grams of algae and put it 
into each of the floating nets.  Each net was then anchored in place in the pond.  A total 
of 24 nets were set out randomly in a 3 m2 area at the northeast end of the pond. 
Sampling occurred every seven days between the hours of 11:00 am and 2:00 pm, 
unless it was stormy weather, for a total of eight sampling days that occurred 7, 16, 23, 
30, 36, 43, 50, and 57 days after net deployment.  Three nets were sampled on each 
sampling date with readings taken every 2 cm down through the center of the otherwise 
undisturbed algal mat in each of the three nets using microprobes.  Temperature was 
determined using an Oakton Temp-JKT Acorn series thermocouple thermometer.  
Dissolved oxygen was measured with a Lazar MV portable DO microelectrode (DO-
166MT-1).  Light readings were taken with a Heinz Walz us-SQS/L spherical quantum 
microprobe attached to a Li-Cor LI-250A light meter.  Since light intensity could not be 
expected to remain constant from day to day, the percent light was also calculated for 
each light measurement within the algal mats, based on ambient light at the time of 
sampling.  After all measurements were taken, I carefully cut the acetate wall off each 
net, the cord anchoring the net to the pond was cut, and a solid plastic container the size 
of the net was placed in the pond and brought up from underneath, so that the entire net 
and contents were carefully lifted from the pond without disturbing the mat.  I placed a 
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tight fitting lid on the container and it was placed on ice in a cooler until returned to the 
lab and frozen solid, net and all. 
The frozen samples were removed from the plastic container and cut in cross-
sections every two centimeters using a table saw with a ten inch smooth, continuous-rim, 
diamond-studded saw blade.  A smooth blade was used to prevent tearing of the netting 
and algal filaments.  I cleaned all equipment between each sample with acetone.  Each 
cross-section was then divided into three ‘pie’ slices.  One half of each cross-section was 
used for nutrient analysis, one fourth for chlorophyll-a analysis, and one fourth for algal 
identifications.  All slices were immediately returned to the freezer until analyses could 
be done. 
I thawed the slices used for carbon, nitrogen, phosphorus and silica analysis and 
weighed them on a Mettler AE100 analytical balance.  Each sample was then dried in a 
Quincy Model 10 lab oven to a constant mass.  After drying, samples were weighed for 
dry mass, and then ground before I took them to the Academy of Natural Sciences Patrick 
Center in Philadelphia, PA for analysis.  Frozen samples for chlorophyll-a were also 
taken. 
Ash free dry mass (AFDM) was determined by incinerating the dried samples at 
500˚C for one hour (APHA 1998).  Spectrophotometric determination of chlorophyll-a 
was performed after acetone extraction, with correction for phaeophytin-a, as described 
in APHA method 10200 H (1998).  Percent nitrogen, carbon, (procedure 16-54r2, 2004) 
and phosphorus (procedure 16-115rl, 2007) were determined by gas chromatography in a 
Carlo Erba model 1112 flush elemental analyzer by combusting the acid digested dried 
samples as described in Academy of Natural Sciences of Philadelphia procedure manuals.  
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Silica was reacted with molybdate reagent in acid media to form a silicomolybdate 
complex, reduced to form molybdate blue and analyzed colorimetrically as described in 
U.S. Geological Survey (USGS) method 1-2700-85 (www.nemi.gov). 
In order to obtain samples for filamentous and epiphyte algal identifications, a 
core was taken at the tip and ‘crust’ edge of a frozen ‘pie’ slice for a total of 137 samples.  
Both of these core samples were taken as close to the tip and edge of the slice as possible 
in order to have true center and edge samples.  A copper corer with an inside diameter of 
0.7 cm was used and each sample was immediately stored in a scintillation vial in the 
freezer until it was sent, on dry ice to Dr. Robert Verb at Ohio Northern University for 
identification. 
In order to identify the filamentous algae Dr. Verb examined each sample under a 
stereoscope and genera were segregated and further examined under a compound light 
microscope.  In order to enumerate epiphytes, ten filaments of each genus were separated 
from a sample and examined under a Nikon microscope.  All of the live epiphytes were 
counted along two, 100 µm, randomly chosen lengths on each filament.  To identify 
diatom taxa to the genus level the diatoms were cleaned using 30% hydrogen peroxide 
and concentrated nitric acid (Stoermer et al. 1995).  The cleaned and rinsed diatoms were 
dried and mounted on a slide with Naprax® and examined at 1000X.  A minimum of 200 
valves were counted and identified along 18 mm transects on the slide.  Macroalgae, soft 
algal epiphytes, and diatoms were identified primarily using Prescott (1962), Patrick and 
Reimer (1966; 1975), Taft and Taft (1971), Whitford and Schumacher (1984), Krammer 
and Lange-Bertalot (1986; 1988; 1991a and b), and Dillard (1989a and  b; 1990; 1991a 
and b; 1993; 1999). 
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Calculations  
 An approximate diatom coverage was calculated in order to relate raw diatom 
counts on a filament to the size of that filament and how thickly the diatoms were 
layered.  The size of diatoms within a genus can vary widely but an areal measure gives 
an estimate of how much of an algal filament is covered by diatom epiphytes.  The 
diatom coverage of the filaments was estimated by dividing a weighted diatom area by 
filament area.  The weighted diatom area was calculated based on the relative abundance 
of each genus of diatom times a midrange area for that genus.  For example, 
Achnanthidium lengths ranged from 15 to 25 µm, for a midrange of 20 µm, and the 
widths ranged from 2 to 7 µm, for a midrange of 4.5 µm.  The midranges were then 
multiplied to give an area.  This area was then multiplied by the percentage of the total 
count that was Achnanthidium, 0.08667 in this case, to give an estimated, weighted 
diatom area for Achnanthidium of 7.80 µm2.  Filament area was determined by 
multiplying the filament width by the length since this is what is visible under the 
microscope during counting.  A value of one for the diatom coverage generally indicates 
100% coverage of the filament.  Values can be greater than one since diatoms occur on 
top of diatoms in several layers (Fig. 4). 
 The diatom relative abundance was calculated as the percent of that genus out of 
the total number of cleaned and mounted diatoms counted in a particular ten filament 
sample (Brower et al. 1989; APHA 1998).  All genera were taken into account when 
calculating relative abundance, including rare taxa.  Diatom density per genus per sample 
was calculated by multiplying the relative abundance of each genus times the total 
number of diatoms counted in that sample (Fairchild and Sherman 1993; APHA 1998). 
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Statistical Analysis 
In order to determine if changes in environmental variables such as light and 
temperature were significantly different between layers of the mat or over the sampling 
period a series of fully crossed, fixed effects 2-way ANOVA procedures were performed 
with depth as a repeated measure of each net (since three measurements were taken in 
each net at 2, 4 and 6 cm), and with sampling date as a between-subjects variable (since 
different nets were sampled on different sampling dates).  Three hypotheses could thus be 
evaluated; that depth within a mat would have no effect on epiphyte genus, date would 
have no effect on epiphyte genus, and there would be no interaction involving effects of 
date and depth.  The same form of statistical analysis was used to determine if the 
differences in nutrient content between layers and over the sampling period were 
significant. 
Effects of date, center versus edge, and depth in the mat upon diatom density per 
200 µm of filament, and diatom coverage of filaments were similarly assessed with a 
three-way, fixed effects ANOVA procedure with both depth (measured three times in 
each net) and center-edge (measured twice at each depth) as repeated measures of the 
model, and sampling date as a between-subjects variable.  This potentially evaluates 
seven hypotheses; that there is no effect of date on diatom density or coverage, there is no 
effect of center versus edge location on diatom density or coverage, there is no effect of 
depth in the mat on diatom density or coverage, and there is no interaction of effects of 
date, depth, or center versus edge on diatom density or coverage.  Tukey tests were 
performed to determine which group means were significantly different. 
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A series of nutrient ratios (total N:total P, total C:total N, total C:total P, total Si: 
total P, chlorophyll-a:AFDM) were calculated and compared to the densities of individual 
diatom genera.  A series of Spearman rank correlations were performed since the nutrient 
ratios were unlikely to be normally distributed.  All of these analyses were done using 
Statistica (StatSoft 2008). 
Results 
Conditions in and Around Metaphyton Mats 
 The surface water measurements of the pond (Table 1) indicated that the pond 
was similar from year to year in pH, conductivity, turbidity and temperature.   
The pH averaged 8.94 (standard deviation 0.27) in July for the 3 years sampled.  Specific 
conductance ranged from 210 to 232 µS cm-1 (mean 220.3 µS cm-1), while turbidity 
stayed within the very narrow range of 14.5 to 14.9 NTU each July.  Earlier studies of the 
pond showed that specific conductance was higher (310 µS cm-1) in early spring but 
decreased (261 µS cm-1) by late spring, and turbidity increased from spring to summer 
(Anderson 2004).  The July surface water temperature varied from 24.7 to 25.8 ˚C over 
the three years.  In July of 2002 a mild thermocline occurred between 0.27 – 0.50 m 
(Anderson 2004).  In July of 2004 the thermocline occurred between 0.2 – 0.6 m, while in 
2005 no clear thermocline was observed. 
 A study done in the pond in 2002 (Anderson 2004) showed that total nitrogen 
(TN), total phosphorus (TP), and dissolved organic carbon (DOC) concentrations 
increased from March through July as did turbidity.  Silica (SiO2) concentrations 
decreased from March to May then increased in July even though inflow concentrations 
increased steadily throughout the season. 
 26
 In 2004 from July to August (Table 2) total dissolved phosphorus (TDP) 
increased from 0.015 to 0.028 mg L-1 (mean 0.022 mg L-1) and soluble Kjeldahl nitrogen 
(SKN) rose from 0.373 to 0.725 mg L-1 (mean 0.511 mg L-1).  Nitrite nitrogen (NO2-N) 
declined from 0.055 to 0.006 mg L-1 (mean 0.026 mg L-1) and nitrate nitrogen (NO3-N) 
decreased from 0.441 to 0.036 mg L-1 (mean 0.283 mg L-1) from July to August.  The 
DOC values increased from 4.493 to 5.201 mg L-1 (mean 4.857 mg L-1).  Silica was not 
analyzed in 2004. 
 In 2005 nutrients varied throughout the sampling period (Table 3).  TDP ranged 
from 0.013 to 0.023 mg L-1 (mean 0.017 mg L-1), SKN ranged from 0.373 to 1.385 mg  
L-1 (mean 0.755 mg L-1), NO2-N ranged from 0.001 to 0.020 mg L-1 (mean 0.008 mg L-1), 
and NO3-N ranged from 0.022 to 0.074 mg L-1 (mean 0.054 mg L-1).  The DOC ranged 
from 2.73 to 7.65 mg L-1 (mean 4.55 mg L-1) and silica ranged from 1.43 to 7.55 mg L-1 
(mean 3.66 mg L-1). 
 The measurements taken in the mats in the experimental nets in 2005 showed that 
the filamentous mats were never more than 6 cm in thickness throughout the study.  Both 
the light intensity and percent light dropped dramatically with increased depth in the mat 
(Fig. 5, Table 4).  Light intensity on the very surface of the mat (0 cm) was significantly 
(F3,42 = 181.6; p < 0.001) higher than at all other depths but there was no significant 
difference between 2-6 cm layers.  There was no significant change over the sampling 
period.  The percent light was also significantly (F3,42 = 173.0; p < 0.001) higher at the 
very surface of the mat (0 cm) than at all other depths with no significant difference 
between any other layers.  There was no significant change over the sampling period.  
Dissolved oxygen (Fig. 6) declined significantly with increasing depth in the mat (F3,42 = 
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37.9; p < 0.001).  Percent saturation of dissolved oxygen similarly was significantly (all p 
< 0.05) higher at the surface than all other depths.  Six and 15 August had significantly (p 
< 0.001) higher percent oxygen saturation at all depths in the mat than any other dates 
(Fig. 7).  The last day of sampling, 25 September had the lowest mean percent saturation 
at all depths but it was not statistically significantly different from any other date.  
Temperature also dropped significantly with depth in the mat (F3,42 = 54.9; p < 0.001) and 
over the sampling period (F7,14 = 60.1; p < 0.001). 
Changes in Filament Taxa over the Sampling Period 
 Rhizoclonium and Cladophora dominated the metaphyton in 2002 although 
Pithophora was present.  Cladophora dominated in 2004 with some Pithophora.  
However, Pithophora was clearly dominant in 2005 (Table 5).  Out of the 1617 filaments 
identified 1339 were Pithophora, which occurred in all 137 frozen core samples 
throughout the sampling period at all depths within the mat.  Oedogonium occurred in 19 
samples; 10/19 were in the 2 cm layer and 11/19 were at the edge of the mat and it was 
the dominant genus in one of those edge samples.  Mougeotia occurred in 11 out of the 
137 samples with 7/11 at the edge of the mat.  Mougeotia occurred in the 2 cm layer in 
5/11 samples, 3/11 in the 4 cm layer, and 3/11 in the 6 cm layer.  Cladophora, 
Rhizoclonium and other uncommon genera that appeared in at least one sample are listed 
in Appendix I.  Pithophora was the dominant filament on all dates in all layers of the mat 
at both the center and the edge. 
 Twenty-six preliminary nets of benthic algae were set out for 20 days (July 10 to 
July 30) just before this study began and six of these showed an increase in biomass from 
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the initial 25 grams (Fig. 9).  The algae in one of the nets had actively grown into the 
netting. 
Akinetes 
There was no difference in the number of akinetes between the layers of the mat 
or the center and edge for the dominant filament, Pithophora.  There was also no change 
over the sampling period.  Akinetes and vegetative cells alternated with each other along 
the Pithophora filaments for an estimated average of 1 akinete per 100 µm length of 
filament. 
Epiphytes 
 The epiphytic diatoms Gomphonema, Cocconeis and Cymbella/Encyonema 
occurred in all 137 samples (Table 6).  Achnanthidium occurred in all but two samples, 
Epithemia in all but three and Nitzschia in all but five samples.  Fragilaria occurred in 
112 samples.  Other rare taxa of diatoms are listed in Appendix I.  Looking at the total 
number of individuals counted in all the samples combined, Gomphonema had the most 
with a total 34,935 individuals followed by Cocconeis at 16,566, Cymbella/Encyonema 
with 15,537, Achnanthidium 7080, Nitzschia at 4119, Epithemia with 1453, and 
Fragilaria at 1248 individuals.  Rare genera that were present in less than one percent of 
the samples were dropped from any further analysis but are listed in Appendix I. 
 Epiphytic diatom genera richness ranged from 9 to 21 over all samples.  However, 
when the three samples from each sampling date were averaged together genera richness 
showed little variation over the sampling period with a high of 16 on 8 August, the first 
day of sampling, to a low of 10 on 11 September (Table 7).  By 25 September, the last 
day of sampling, average genera richness had rebounded to 13.  Overall there was a very 
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slight but insignificant trend of decreasing diatom genera richness over the sampling 
period (Fig. 10).  The difference in diatom genera richness between the center and edge 
of the mat also exhibited little variation with similar values on each sampling date (Table 
7).  When comparing genera richness between the layers of the mat, the 2 cm layer 
usually had the lowest richness but again the values were similar in all the layers on each 
sampling date. 
 The diatom relative abundance was the lowest in the 2 cm layer for Gomphonema, 
but highest for Cymbella/Encyonema and Achnanthidium (Table 8).  Cocconeis, 
Nitzschia, Epithemia and Fragilaria showed no difference in relative abundance between 
the different layers of the mat.  Gomphonema and Cocconeis showed a slight trend of 
higher relative abundance at the center versus the edge of the mat.  Cymbella/Encyonema 
tended to have a higher relative abundance at the edge of the mat.  Achnanthidium, 
Nitzschia, Epithemia and Fragilaria showed no difference between the center and edge 
of the mat in relative abundance. 
Some diatom genera showed significant variation with date, depth, and center 
versus the edge of the mat (Table 10), although there was no significant interaction 
between date, depth and center versus edge.  The density of Gomphonema at the edge of 
the mat was significantly (p = 0.03) higher than at the center of the mat.  The 2 cm layer 
had a significantly lower density of Gomphonema than the 4 cm layer (p = 0.01) and the 
6 cm layer (p < 0.001).  The 4 cm and 6 cm layer densities were not significantly 
different from each other.  Comparing the mean density of all genera, Gomphonema was 
the highest in the 4 cm center, 4 cm edge, 6 cm center and 6 cm edge samples.  There 
were significant correlations to nutrient ratios (Table 11) and environmental variables 
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(Table 12).  Gomphonema density showed significant negative correlations (p < 0.01 or 
less) with the ratios C:N, C:P, N:P, light:P, light:N, light:Si, as well as AFDM, C, and N 
(Table 11).  The positive correlations for Si:N, chla:AFDM, and chla were also 
significant (p < 0.05 or less).   There was a strong negative correlation (p < 0.01) with 
percent light and date (Table 12) as well as a significant positive correlation with depth  
(p < 0.001). 
 Cocconeis density was not significantly different between the center and edge of 
the mat (Table 10).  The 2 cm (p < 0.001) and 4 cm (p = 0.03) layers had significantly 
lower diatom density than the 6 cm layer.  The densities of the 2 cm and 4 cm layers were 
not significantly different from each other.  The density of Cocconeis was strongly 
negatively correlated (Tables 11 and 12) with the nutrient ratios of C:N, C:P, N:P, as well 
as %light, AFDM (p < 0.01) and N (p < 0.001) and C (p < 0.0001).  There was a negative 
correlation with light:P, light:N, and light:Si (p < 0.05).  The density of Cocconeis was 
positively correlated with depth (p < 0.001). 
 The density of Cymbella/Encyonema was significantly (p = 0.01) higher at the 
edge of the mat compared to the center (Table 10).  The 2 cm layer usually had the 
highest density but it was not statistically significant.  The density fluctuated over the 
sampling period (Table 9).  Comparing the mean density of all genera, Cymbella/ 
Encyonema was the highest in the 2 cm center and edge samples.  The density of 
Cymbella/Encyonema was significantly positively correlated with Si:P (p < 0.01), Si:N (p 
< 0.03) ratios (Table 11) as well as Si (p < 0.01) and %light (p < 0.05) (Table 12). 
Achnanthidium density was somewhat higher at the edge of the mat as compared 
to the center but the trend was not quite significant (p = 0.06).  There was a significant 
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positive correlation between Achnanthidium density and both Si:P and Si:N (p < 0.03) 
ratios (Table 11), but there was no correlation between Achnanthidium density and any of 
the environmental variables.  Overall, the density of Achnanthidium tended to be fairly 
stable except for 18 September (Table 9). 
 There was no statistically significant difference in density of Nitzschia at the 
center versus the edge of the mat or between the layers of the mat (Table 10).  Overall, 
the density fluctuated over the sampling period (Table 9).  However, there was a 
significant positive correlation (p < 0.01) between Nitzschia density and Si, and the ratios 
of Si:P,  Si:N, Chl-a:AFDM (Table 11), as well as temperature (Table 12).  There were 
significant negative correlations for AFDM, C:P,  N:P (Table 11), and date (Table 12). 
 The density for Epithemia was significantly (p = 0.04) higher at the edge of the 
mat as opposed to the center.  There was no significant difference in density between the 
layers of the mat or over the sampling period (Table 10).  Epithemia had the lowest 
density in the 2 cm and 4 cm layers of all the major genera.  There was no correlation 
between Epithemia density and any of the nutrient ratios or the environmental variables.  
The density for Epithemia was low throughout the sampling period (Table 9). 
 The edge of the mat had a significantly (p = 0.04) higher density for Fragilaria 
(Table 10).  The density in the 6 cm layer was significantly (p = 0.04) higher than in the 
other two layers of the mat, although Fragilaria had the lowest mean density compared 
to all the genera in the 6 cm layer.  There was a significant negative correlation (P < 0.05) 
between the density of Fragilaria and the C:N, C:P, N:P, light:P, light:N, light:Si ratios, 
C, and AFDM (Table 11).  There was a significant positive correlation with Si:N.  There 
was a significant negative correlation with percent light (p < 0.05) and percent oxygen 
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saturation (p < 0.05) but a positive correlation with depth (p < 0.01) (Table 12).  Overall 
the density of Fragilaria was usually the lowest of all the diatom genera throughout the 
sampling period (Table 9). 
Total diatom density, silica concentration per day, and the ratio of silica to 
phosphorus are shown in Table 13.  No clear pattern is evident in this data except that 
both silica and phosphorous tend to fall after diatom abundance jumps upward.  The 
Spearman rank correlation coefficients (Table 14) were 0.43 and 0.52 between total 
diatom abundance per day; Si, and Si:P respectively although neither one was significant.  
There was no correlation between total diatom abundance and P. 
 The diatom coverage of filaments varied with location in the mat (Table 15).  The 
overall average of diatom coverage increased significantly (p < 0.001) from 3.7 for the 
center to 5.7 at the edge of the mat (Fig. 11).  The 2 cm layer had the lowest overall 
coverage at both the center and the edge of the mat with means of 3.1 and 3.9 
respectively, which was significantly (p = 0.03) lower than the 6 cm layer.  The 4 cm 
layer with means of 3.6 center and 6.5 edge coverages was similar to the 2 cm layer at the 
center and the same as the 6 cm layer at the edge.  The 6 cm layer had center and edge 
means of 4.5 and 6.5 respectively. 
 However, when considered over the sampling period and within each layer the 
diatom coverage showed less of a pattern for either center or edge.  At the center (Fig. 
12a) of the mat both the 2 cm and 4 cm layers appeared to have a slight downward trend, 
but the 6 cm layer seemed to fluctuate throughout the sampling period.  At the edge of the 
mat (Fig. 12b) the 2 cm layer again seemed to have a slight downward trend and usually 
had the lowest coverage, but both the 4 cm and 6 cm layers fluctuate. 
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Metaphyton Algal Filaments 
 Most of the filaments found were Pithophora which had an average overall 
diatom coverage of 4.7 µm2 µm-2.  Oedogonium filaments had a similar coverage of 4.3 
µm2 µm-2 but Mougeotia filaments had a coverage of only 0.19 µm2 µm-2.  Mougeotia is 
the only one of these three that has a slime sheath (Graham et al. 1996a). 
The change in the average nutrient concentrations in the filaments over the 
sampling period is shown in Figures 13-16.  All nutrient levels dropped in all layers from 
6 August to 15 August but all increased at least a small amount by 22 August.  By 29 
August both the 2 cm and 6 cm layers tended to show declines in nutrients while the 4 cm 
layer tended to show increases.  The September sampling dates showed more variation in 
the nutrients with only phosphorus showing a decline in all layers on 4 September.  On 
11 September nitrogen (Fig. 13), carbon (Fig. 14), and phosphorus (Fig. 15) followed the 
same pattern with declines in concentrations at 2 cm, but increases in both the 4 cm and 6 
cm layers.  Silicon (Fig. 16) showed a steep decline at the 2 cm level, but was fairly 
stable for both the 4 cm and 6 cm layers.  All nutrients increased at the 2 cm level, 
decreased at the 4 cm layer and remained level in the 6 cm layer on the 18 September 
except phosphorus which showed a spike in concentration at the 6 cm layer.  On the final 
sampling date most nutrients again followed similar patterns with a decline in the 2 cm 
layer, an increase in the 4 cm layer, and a decrease in the 6 cm layer except for silicon 
which increased in this layer.  Overall the 2 cm layer tended to contain the greatest 
amount of nutrients except for phosphorus.  The 4 cm layer tended to have the highest 
phosphorus concentration most of the time. 
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Increases in nutrient concentrations in the filamentous algal mats did not 
correspond well to rainfall events (Fig. 17).  In August and September of 2005 there was 
a total of 8.3 cm of rainfall with the highest one day total of 1.4 cm (PA State 
Climatologist).  From mid-August through September it was unseasonably warm and dry 
with heat advisories beginning in mid August (NOAA). 
Molar ratios for nutrients in each layer are shown in Tables 16 through 19 and 
Figure 18.  The 2 cm layer had the highest ratios on almost all sampling dates.  The 4 and 
6 cm layers fluctuate with each other. 
The ash free dry mass (AFDM) was the highest in the 2 cm layer and the lowest 
in the 6 cm layer throughout the sampling period (Fig. 19).  The AFDM increased in all 
layers throughout the sampling period except for a drop in the 6 cm layer on the final 
sampling date.  Chlorophyll-a was the lowest in the 2 cm layer and declined throughout 
the sampling period while the 4 cm and 6 cm layers fluctuated (Fig. 20).  The ratio of 
chlorophyll-a to AFDM (Fig. 21) indicates a steady decline in chlorophyll-a in the 2 cm 
layer.  The 4 cm and 6 cm layers also ended lower by the end of the sampling period but 
with greater fluctuation. 
 The mean dry mass of the filaments differed between the layers of the mat with a 
significant (p < 0.00) drop in dry mass from one layer to the next (Fig. 22).  The 2 cm, 4 
cm, and 6 cm layers had mean dry masses of 0.51, 0.32 and 0.19 g respectively.  
However, over the sampling period the dry masses varied randomly with no clear pattern. 
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Discussion 
Conditions Around Metaphyton Mats 
The overall conditions within the study pond were fairly constant from year to 
year for the algae (Table 1).  The pH of the pond was slightly basic as might be expected 
for a productive pond since higher rates of photosynthesis increase pH (Wetzel 2001). 
The turbidity was low (≤ 2 NTU) in the spring which allows good light penetration to the 
bottom of the pond for the high production of oxygen gas needed to lift the benthic algae 
to the surface.  Specific conductance was higher (311 µS cm-1) in the early spring 
probably from runoff containing road salt, but decreased (232 µS cm-1) by late spring.  
The temperature (Fig. 8a) and average solar irradiation (NOAA) dropped over the 
sampling period (30 July to 25 September) as would be expected in a temperate region 
(Table 4).  Surface water temperature ranged from about 5.0˚C in early spring to 33.0˚C 
in summer and then began to decline in the fall.  The photosynthetic rate of Pithophora 
increased steadily with increasing water temperature in studies done by O’Neal et al. 
(1985) and reached its maximum (39 mg O2·g-1 dry wt·h-1) when water temperatures were 
highest (35˚C); therefore, Pithophora should be able to tolerate the conditions in the 
study pond. 
 The inflow to the pond had concentrations of up to 0.02 mg L-1 TDP and 3.3 mg 
L-1 of NO3 + NO2-N in 2002 sampling.  In 2005 samples from the water column had a 
maximum TDP of 0.023 mg L-1, and the NO3 + NO2-N maximum was 0.094 mg L-1, 
which were both below reported average values for lentic freshwater of 0.1 mg L-1 and 
1.0 mg L-1 respectively (Lind 1985; Wetzel 2001).  Mowed and fertilized lawns 
immediately surround the study pond and were probably a source of nitrogen and 
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phosphorus that promoted metaphyton growth.  Mats of benthic algae that blanket the 
bottom of a pond can intercept large amounts of nutrients from the sediments 
(Mulholland 1996; Wetzel 1996; Scheffer 2001; Wetzel 2001), which must occur in this 
study pond.  Several studies have noted benthic mats can be closely aggregated and take 
up N and P from the sediments and limit their release to the water column (Ozimek 1990; 
Irfanullah and Moss 2005). 
Once these algae rise to the surface they may continue to grow.  Some of the 
preliminary nets that were in the pond for 20 days just before this study showed an 
increase in biomass (Fig. 9) of 1 to 3 grams with some algal filaments actively growing 
into the netting.  This would indicate that some metaphyton continue to grow even after 
they come to the surface.  However, this may depend on the time of year.  In studies done 
by O’Neal et al. (1985) benthic mats of Pithophora brought to the surface, from a depth 
of 1.5 m, on July 2 and incubated there were photosynthetically active but benthic mats 
collected July 17 were not.  This was attributed to the low light levels at 1.5 m in the lake 
which did not allow for enough photosynthesis for the algae to survive long term. 
The phosphorus and nitrogen requirements for algae in general have been 
determined by a number of authors.  Flöder and Burns (2005) reported phosphorus half-
saturation constants ranging from 0.02 to 0.2 µmol L-1 for phytoplankton.  Interlandi and 
Kilham (2001) found that some species of phytoplankton became limited below 0.32 
µmol L-1 of SRP, and found 3.0 µmol L-1 (0.04 mg L-1) NO3-N to be the point at which N 
becomes limiting.  A nitrogen half-saturation constant range of 0.3 to 3.0 µmol L-1  
(0.004 to 0.04 mg L-1) for phytoplankton was reported by Flöder and Burns (2005), while 
Weyhenmeyer et al. (2007) considered lakes with less than 0.01 mg L-1 of NO3-N to be 
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nitrogen deficient.  The half saturation constants have been determined for Pithophora at 
20˚C to be 3.2 µmol L-1 (0.1 mg L-1) for PO4-P and 87.8 µmol L-1 (1.2 mg L-1) for NO3-
N, which shows that Pithophora has a higher N requirement than P (Spencer and Lembi 
1981; O’Neal et al. 1985).  The study pond water concentrations for PO4-P and NO3-N 
were below the half saturation constants found for Pithophora (Table 2).  However, 
dissolved organic nitrogen can be a significant source of nitrogen for freshwater 
organisms (Miyajima et al. 2005; Noe et al. 2007) and nutrients may be recycled within a 
dense mat (Wetzel 1996; Salovius and Bonsdorff 2004).  Pithophora is able to store N 
(Spencer and Lembi 1981).  The close proximity of algal filaments in the mat could 
explain metaphyton growth despite low nutrient levels in the water column since 
nutrients might leach from adjacent senescing cells.  The filamentous algae in this study 
were also held in netting which would protect the mat from wind and prevent breakup.  
This would keep the filaments in close contact during the study.  However, a dense mat 
may become low in nutrients.  O’Neal et al. (1985) noted a decline in the rate of 
photosynthesis within massive Pithophora mats and a drop in available carbon dioxide.  
Their studies with batch cultures of Pithophora demonstrated a drop in photosynthesis 
when cell concentrations of N and P declined within mats.  Cyanobacterial mats also 
deplete carbon within areas where the mat is thick (Ibelings and Maberly 1998). 
 The silica content of the pond inflow was as high as 28.1 mg L-1 in 2002 sampling 
(Anderson 2004) but the water column silica content of the pond was relatively low.  In 
this study the water column silica content varied from 1.43 to 7.55 mg L-1.  This would 
indicate a high intake of silica by the diatoms in the pond.  Silica became limiting at 130 
µmol L-1 (3.7 mg L-1) for phytoplankton, including diatoms, in a study of Yellowstone 
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ecosystem lakes (Interlandi and Kilham 2001).  An average silica half-saturation constant 
for phytoplankton ranged from 2.0 to 5.0 µmol L-1 (0.06 to 0.1 mg L-1) (Flöder and Burns 
2005) with extremes ranging from 0.88 to 19.3 µmol L-1 (0.03 to 0.5 mg L-1).  The fact 
that the filaments in this study had very heavy diatom coverage on them indicates the 
prolific growth of diatoms in this pond and a high usage of silica. 
Conditions Within Metaphyton Mats 
 It is not surprising that the light levels dropped with depth in the mat since inter-
tangled filaments would block sunlight (Fig. 5).  Since light levels would change each 
day, percent light was used to compare across dates.  Although the algal cells would need 
a minimum amount of photons of light to carry on photosynthesis, each sampling date 
was a brief snapshot of the ambient light conditions.  Overall, the lower layers in the mats 
would be exposed to a lower percentage of light than the upper layer over the sampling 
period.  The actual photons of light available ranged from a low of 0.04 µmol m-2 s-1 in 
the 6 cm layer of the mat to a maximum of 483.6 µmol m-2 s-1 at the top of the mat (Table 
4).  A number of studies have looked at the amount of irradiance that allowed positive net 
photosynthesis in relation to temperature in a number of filamentous algae.  Pithophora 
only needed 12 µmol m-2 s-1 while Cladophora needed at least 200 µmol m-2 s-1 to 
maintain positive net photosynthesis (gross photosynthesis minus dark respiration) 
(O’Neal et al. 1985).  Maximum net photosynthesis for Pithophora occurred at 26˚C and 
970 µmol m-2 s-1; for Cladophora it was 15˚C and 300 µmol m-2 s-1, and for Spirogyra 
25˚C and 1500 µmol m-2 s-1 were needed for maximum net photosynthesis.  However, 
Spirogyra still showed positive net photosynthesis at irradiances as low as 23 µmol m-2  
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s-1 at 20˚C.  But, with increasing temperature the minimum irradiance Spirogyra needed 
to maintain positive net photosynthesis increased five fold and lab studies demonstrated 
that Spirogyra biomass (by weight) declined 76% when grown in the dark for 60 days 
and the mat fell apart after only 7 days.  In contrast Pithophora and Cladophora biomass 
only decreased 19% over the same time period and the mats were cohesive for 21 days 
(O’Neal and Lembi 1983; Graham et al. 1995).  All of this indicates that Pithophora can 
better withstand a combination of warmer temperatures and lower light levels than either 
Spirogyra or Cladophora. 
With lower solar irradiation the temperature would also be expected to drop in the 
lower layer of the mat (Fig. 8b).  The temperature was the highest at the top of the mat, 
up to 32.6˚C, and dropped as much as 4˚C by the bottom of the mat.  A study by 
Hillebrand (1983) showed temperatures as high as 32˚C at the top of the mat and a drop 
of as much as 15˚C in the water just below the mat.  High temperatures can increase 
respiration and therefore lead to desiccation of algae which can reduce their ability to 
bring in carbon dioxide (Hillebrand 1983; Ibelings and Mur 1992; Ibelings and Maberly 
1998; Jiang and Qiu 2005).  The thylakoids can also be damaged by high heat (Schreiber 
and Berry 1977).  Warmer temperatures also increase the rate of photosynthesis and 
therefore the need for light (Falkowski and Raven 2007). 
The dissolved oxygen and percent oxygen saturation declined with increasing 
depth in the algal mat (Table 4) but never fell below 4.1 mg L-1 (47.8% oxygen 
saturation).  Studies by Ibelings and Mur (1992) that looked at the microprofiles of 
dissolved oxygen in Microcystis scums also found a lack of anoxia even in the lower 
layers of some larger mats.  This may be due to water movement into the mat, or perhaps 
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enough ambient light is reflected from the water column to the bottom layer of a mat.  In 
the present study the measured light intensity often increased in the bottom layer (6 cm) 
of the mat.  This may signify that even in the lower layers of algal mats there can be 
sufficient light to carry out some photosynthesis.  However, dissolved oxygen 
measurements were taken only during daylight hours in the present study and anoxia may 
develop during the night.  Anoxic conditions occurred in nocturnal blooms of Microcystis 
scums (Ibelings and Mur 1992). 
Pithophora has been shown to continue growth with as little as 12 µmol m-2 s-1 
light intensity (O’Neal et al. 1985; O’Neal and Lembi 1995).  In this study the 4 and 6 cm 
layers of the algal mat received less than 12 µmol m-2 s-1 of light on all sampling dates 
(Table 4) which may indicate that the levels of dissolved oxygen were due to low levels 
of respiration (oxygen use) rather than high rates of photosynthesis (Falkowski and 
Raven 2007).  However, Pithophora has positive net photosynthesis even in low light at 
warmer temperatures since the rate of respiration remains constant above 25˚C (O’Neal et 
al. 1985). 
Dissolved oxygen and percent oxygen saturation declined over the sampling 
period (Fig. 7) which indicates a drop in the rate of photosynthesis.  This is most 
probably due the senescence of algal filaments. 
Changes in Metaphyton Filament Taxa 
Although Cladophora and Rhizoclonium were dominant in the study pond in 
previous years Pithophora was the dominant genus in this study, and that overall 
dominance did not change over the sampling period or with location in the mat.  This 
may have been due to warmer temperatures.  July, August and September were warm in 
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both 2002 and 2005 with average temperatures above normal but September was slightly 
warmer in 2005 (NOAA).  O’Neal et al. (1985) reported that Pithophora biomass was 
higher in their study pond in years with warmer spring temperatures.  Pithophora can 
withstand higher water temperatures than Cladophora or Rhizoclonium (Gupta and 
Agrawal 2004).  In studies done by O’Neal et al. (1985) the productivity of Cladophora 
decreased dramatically at water temperatures over 30˚C, while the productivity of 
Pithophora continued to increase as did its areal biomass up to a maximum of 206 g dry 
wt·m-2.  While the photosynthetic rate of Pithophora increased with increasing water 
temperature (up to 40˚C) the rate of respiration reached a plateau at 25˚C, therefore 
allowing Pithophora to have a more favorable energy balance at higher temperatures 
(O’Neal et al. 1985).  Cladophora on the other hand, showed a reduction in 
photosynthetic rate but an increase in the rate of respiration at 25˚C (Graham et al. 1982; 
O’Neal et al. 1985).  Studies summarized by Dodds and Gruder (1992) also showed 
optimal Cladophora growth at temperatures below 28˚C.  Oedogonium has higher 
photosynthetic rates at temperatures below 30˚C (McCracken et al. 1974; O’Neal et al. 
1985).  Spirogyra was found in the study pond in past years but has also been shown to 
prefer cooler temperatures (Graham et al. 1995; O’Neal and Lembi 1995).  At higher 
temperatures (30 to 35˚C) Spirogyra cannot tolerate self-shading as might occur in a 
dense mat (Graham et al. 1995).  Hydrodictyon grew best at 25˚C in several studies 
(Hawes and Smith 1993; Hall and Payne 1997) although it was able to tolerate higher 
temperatures.  However, Hydrodictyon tends to be dominant in low N situations since it 
is efficient at the uptake of DIN.  At moderate N levels it is out-competed by Cladophora 
(Hawes and Smith 1993; Hall and Payne 1997), Pithophora (Spencer and Lembi 1981), 
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and other algae that are able to store N.  Algae that can store nutrients such as N might 
also have an advantage in areas with pulses of nutrients that can be taken in and stored 
for later use (McDougal et al. 1997).  The study pond would have pulses of nutrient input 
from precipitation events due to the surrounding fertilized lawns, goose feces, and 
sediment runoff. 
Pithophora seems to be able to withstand lower levels of irradiance than some 
other filamentous algae.  In several studies (O’Neal et al. 1985; Graham et al. 1995; 
O’Neal and Lembi 1995) Spirogyra had an optimal irradiance level of 1500 µmol m-2 s-1 
and seemed to be shaded out in late spring by its own mats.  Pithophora’s saturating light 
intensity could be as low as 40 µmol m-2 s-1 while Cladophora needed at least 200 µmol 
m-2 s-1.  This tolerance for lower light intensities may help explain why Pithophora was 
found in all layers of the mat in all 137 samples. 
Oedogonium was also found in the present study, most often in the 2 cm layer at 
the edge of the mat.  These results indicate that Oedogonium tended to occur in areas of 
the mat with higher light intensity.  Mougeotia was spread throughout the layers of the 
mat but occurred most often in edge samples.  Mougeotia can tolerate fairly warm 
temperatures and lower light levels but these results indicate that Mougeotia occurred 
most often in areas of higher light intensity.  In a study by Graham et al. (1996b) 
Mougeotia had maximum net photosynthesis at 25˚C between 200 to 300 µmol m-2 s-1 of 
light with at least some positive photosynthesis at light levels as low at 10 µmol m-2 s-1.  
However, Mougeotia seems to dominate only when pH levels are lower than were ever 
found in the study pond. 
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Overall, Pithophora may have been favored in 2005 by low N levels, warmer 
temperatures and lower light levels due to a high number of warm, hazy days (NOAA; 
personal field log), and shading in the mat.  It is also possible that Pithophora was better 
at over-wintering due to high akinete production and therefore had a ‘head start’ in the 
spring of 2005.  Large numbers of akinetes may accumulate in benthic sediments giving 
rise to sudden nuisance blooms (O’Neal and Lembi 1983; Graham and Wilcox 2000).  
Pithophora has been known to create large blooms due to a high number of akinetes in 
the sediments (O’Neal and Lembi 1983; Graham and Wilcox 2000).  Also, another 
filamentous genus might have dominated early in the spring but was missed since 
sampling for the present study began in July.  Pithophora tends to become more 
prevalent later in the season when water temperatures increase (Graham et al. 1995; 
O’Neal and Lembi 1995).  Pithophora may have been more dominant in past studies on 
this pond but was missed because a significant number of Pithophora filaments were 
misidentified as Cladophora in the earlier study summarized by Anderson (2004).  Some 
archival samples were re-examined and Pithophora was found.  Identifications for the 
current study were verified by experts at the Patrick Center of the Academy of Natural 
Sciences in Philadelphia (Appendix II). 
Grazers are often an important variable in determining which species of 
filamentous algae is dominant in an area (Graham et al. 1996a; Hillebrand et al. 2008), 
but in this study grazers were largely excluded due to the 300 µm mesh nets surrounding 
the algal mats.  Cladophora, Oedogonium, Pithophora, and Rhizoclonium are all 
filamentous genera that are utilized by grazers such as isopods, cladocerans, copepods, 
and rotifers; however, most of these grazers were prevented from reaching the netted 
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mats.  Although other grazers such as snails could climb up into the nets or flying adults 
such as midges or mayflies could lay eggs in the mats, very few macroinvertebrates were 
found probably due to the clear acetate walls above the nets adding an additional barrier. 
The fact that the dominant filamentous species did not change over the sampling 
period or at any point within the mat may indicate that once a mat comes to the surface 
the dominant filament does not change.  This is due to a lack of time for the change to 
occur before the filaments die due to the harsh conditions (Sommer 1983; Flöder and 
Burns 2005). 
Changes in Metaphyton Filament Condition 
The condition of the filaments varied with depth in the mat.  The chlorophyll-a 
concentration in the 2 cm layer was not significantly different from that of the 6 cm layer, 
but was significantly (F26,2366=4.67, p = 0.02) lower than the 4 cm layer (Fig. 20).  The 
chlorophyll-a:AFDM ratio was always the lowest in the 2 cm layer (Fig. 21).  The AFDM 
and dry mass were usually the highest for the 2 cm layer (Figs. 19 and 22).  These results 
indicate that the filaments in the 2 cm layer were declining in their ability to carry on 
photosynthesis (APHA 1998).  This could be due to damage from heat, desiccation, and 
UV exposure at the top of the mat.  The AFDM and dry mass may have increased in the 2 
cm layer during the sampling period due to compaction because of the buoyancy of the 
lower layers pushing up. 
The chlorophyll-a concentration was significantly (F26,2366=4.67, p = 0.02) higher 
in the 4 cm layer compared to the 2 cm layer (Fig. 20).  The dry mass, AFDM, and 
chlorophyll-a:AFDM were usually between the values of the 2 cm and 6 cm layers (Figs. 
15-18).  The filaments in this middle layer tended to get enough light to carry on 
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photosynthesis but did not experience the damaging levels of light and temperature like 
the 2 cm layer and therefore exhibited better condition (Hill 1996; Falkowski and Raven 
2007). 
The ash free dry mass (AFDM) of the filaments was always significantly (F2,28 = 
15.50, p < 0.001) lower in the 6 cm layer of the mat than the other two layers (Fig. 19).  
The dry mass was also the lowest in the 6 cm layer throughout the sampling period (Fig. 
22).  The 6 cm layer had the highest chlorophyll-a:AFDM ratio, but the highest 
chlorophyll-a on only one date (Fig. 20).  These data indicate that although there are 
fewer filaments in the 6 cm layer they can carry on photosynthesis.  While light levels 
dropped going down through the mat the 4 and 6 cm layer light levels were similar in 
most samples (Table 4) as were the chlorophyll-a concentrations.  Lower levels of light 
can stimulate algae to produce higher concentrations of chlorophyll which may be 
occurring here (Napolitano 1994; O’Neal and Lembi 1995). 
Chlorophyll-a concentrations and chlorophyll-a:AFDM tended to drop over the 
sampling period in all layers of the mat (Figs. 12 and 13), which would indicate an 
overall decline in filament condition (APHA 1998).  Within each layer the AFDM tended 
to increase over the sampling period until the last sampling date.  However, since 
chlorophyll-a was decreasing during this same time period this increase in AFDM is most 
likely due to dead algae and debris, and does not represent an increase in living algal 
biomass. 
A number of studies (Hillebrand and Sommer, 1999; Moschen et al. 2009) 
suggest that a N:P molar ratio < 13 and a C:N molar ratio > 10 indicate N-limited algae, 
and molar ratios of N:P > 22 and C:P > 180 indicate P-limited algae.  The N:P molar 
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ratios in this study indicated a fairly low algal phosphorus content throughout the 
sampling period with an overall range of 18.5 to 73.6.  The C:P molar ratios ranged from 
1481 to 199 throughout the sampling period which indicates severe P limitation.  The 
limitation was greatest in the 2 cm layer of the algal mat (Tables 16-18 and Fig. 18).  The 
C:N molar ratio ranged from 9.8 to 21.9 which indicates N limitation, since an increase in 
this ratio indicates a drop in nitrogen content.  The 2 cm layer had the highest C:N ratio 
(Fig. 18a) even though it had the highest N concentration (Fig. 13) on most sampling 
dates.  This high ratio must be due to the fact that the carbon concentration in the 2 cm 
layer was much higher than either the 4 or 6 cm layers (Fig. 14).  The molar ratio of Si:P 
ranged from 7.2 to 30.5 over the sampling period with the highest values in the 2 cm 
layer and the lowest values in the 4 cm layer.  Higher values for this ratio indicate that Si 
is less limited than P.  All diatoms studied by von Donk and Kilham (1990) were P 
limited when molar Si:P > 75 and Si limited at Si:P of 2.5 (10˚C).  Molar Si:P ratios 
below 20 indicate Si limitation (Wetzel 2001) and indicate that the Si was limited part of 
the time in this study.  One reason for the pronounced decline of Si during the study is 
that regeneration is slow since Si is bound in diatom frustules which may get buried in 
the pond sediments (Wetzel 2001). 
Precipitation events can bring nutrients from the watershed into a pond, especially 
from fertilized lawns such as those that surround the study pond (Wetzel 2001).  Rainfall 
should therefore cause an increase in pond nutrients which the algal filaments can then 
take up.  The nutrient concentrations (Figs. 13-16) often dropped after precipitation 
events (Fig. 17) during the study period.  Rainfall amounts were unusually low in August 
and September of 2005 so perhaps there was not enough nutrient input to register a 
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response in the algal filaments.  Sampling dates were not coordinated with rainfall events 
so algal nutrient changes may also have been missed. 
A number of the nutrients were in short supply by the end of the sampling period.  
For any one species the nutrient that has the lowest concentration relative to their need 
would run out first, which would then limit their growth (Sterner and Elser 2002).  
However, other species could be simultaneously limited by other nutrients in short supply 
if they are good at growing under low P conditions.  A comparison of all nutrients with 
each other (Table 19) indicates that P always had the lowest concentration.  A C:N:P ratio 
such as 517:38:1 can certainly indicate phosphorus to be potentially limiting to some 
species.  A C:N:P ratio for marine Cladophora of 265:38:1 was reported by Atkinson and 
Smith (1983) which is similar to some of the filamentous algal nutrient ratios in the 6 cm 
layer in this study (Table 19).  The ratios in the 2 cm layer, such as 608:37:1, were much 
higher.  Such a high carbon ratio could be due to high structural carbon content, such as 
from cell walls or due to low P levels (Sterner and Elser 2002).  Although P was still the 
limiting nutrient in the 4 and 6 cm layers, the ratios were not as severe indicating less of 
an imbalance between C, N, and P.  The filaments in the 2 cm layer were probably in 
poorer condition due to higher UV, temperature, and desiccation and therefore contained 
more dead cells with cell walls that had lost some cell contents. 
Overall the condition of the filaments declined through the sampling period as 
both N and P content declined, with the 2 cm layer of the mat showing the greatest loss 
most probably due to UV damage, higher temperatures and desiccation.  The 4 cm and 6 
cm layers exhibited less change in N and P content over the sampling period (Tables 15 
to 17) and both the 4 cm and 6 cm layers had higher chlorophyll-a content than the 2 cm 
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layer (Fig. 20).  This indicates that the upper layer of the algal mat protected the lower 
layers of the mat from solar radiation. 
Cohesiveness of an algal mat can also indicate the condition of filaments with 
disintegration of the mat indicting poor filament condition (Graham et al. 1995).  All 
algal mats remained cohesive in this study but the branching of the Pithophora filaments 
and protection from wind by the net would greatly influence this result.  
Akinetes 
The normal changes of temperature and photoperiod through a season cue many 
algae to prepare for winter, leading to algal senescence or some type of dormant or 
reproductive state (O’Neil and Lembi 1983; Happey-Wood 1991; Sandgren, 1991; 
Brawley and Johnson 1992; Sussman and DeWreede 2001).  Akinetes are one type of 
resting cell, and are formed at regular intervals along the filament by the green algae 
Pithophora (O’Neal and Lembi 1983).  Pithophora akinete abundance varies over the 
season with high numbers in the winter and early spring, declining during the summer 
with the highest numbers in the fall (Spencer et al. 1980; O’Neal et al. 1985).  Akinete 
presence is significantly inversely correlated with temperature, photoperiod, and nutrient 
concentrations (NO3-N and PO4-P), with temperature as the most important factor 
(Spencer, et al. 1980).  In the present study akinetes were found to exist at the same 
frequency during the entire sampling period.  This lack of variation in akinete numbers 
may have been due to sampling only during the warmer months of July through 
September, and because September 2005 was still rather warm (NOAA) so the filaments 
may not have been cued to produce more akinetes.  However, there was an akinete about 
every 100 µm of filament, approximately every other cell, so akinete production may 
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have been completed (Graham and Wilcox 2000).  The filaments were experiencing P 
limitation (see below) along with decreasing day length both of which can initiate akinete 
formation (Spencer et al. 1980; O’Neal et al. 1985).  Also the filaments were held at the 
surface within nets during the entire sampling period so they may have been experiencing 
hostile conditions from UV radiation, surface desiccation, and slower water movement 
which initiated akinete formation early in the study. 
Changes in Epiphyte Coverage 
Overall mean diatom coverage per filament (µm2) was significantly (F1,13 = 21.0, 
p < 0.001) higher at the edge of the mat as opposed to the center of the mat overall (Fig. 
11).  This is most likely due to the higher levels of light at the edge of the mat.   
The diatom coverage when compared between the layers of the mat was very 
similar at the center of the mat over the sampling period (Fig. 12a).  The 2 cm and 4 cm 
layers often had the lowest diatom coverage.  The diatom coverage between the layers at 
the edge of the mat was usually the lowest in the 2 cm layer (Fig. 12b).  These trends are 
also probably due to light effects.  The 2 cm layer received more damaging UV, was at a 
higher temperature, and more prone to desiccation (Hillebrand 1983; Usher and Blinn 
1990; Ibelings and Mur 1992; Berry and Lembi 2000; Falkowski and Raven 2007) and 
diatoms tend to be sensitive to UV radiation (Weidman et al. 2005).  
The 4 cm layer often received the least light (Table 4) especially at the center of 
the mat so this would be a less optimal location for a photosynthetic diatom.  The 6 cm 
layer could receive some ambient light from underneath since it was at the bottom of the 
mat and did have slightly higher light than the 4 cm layer in half the samples (Table 4). 
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Changes in Epiphyte Genera 
The genera of diatoms found at the center versus the edge of the mat and in the 
different layers of the mat varied (Tables 9 and 20).  Gomphonema, Cocconeis, and 
Fragilaria densities were highest in the 6 cm layer of the mat (Table 9).  These genera 
also had significant negative Spearman rank correlations (Table 12) with percent light 
which would indicate that these genera seemed to tolerate lower light levels.  
Goldsborough (1993; 1994) found Gomphonema and Epithemia in areas of lower light 
under duckweed (Lemna) mats as opposed to areas outside the mat with higher light 
intensity.  Cymbella/Encyonema on the other hand had its highest density in the 2 cm 
layer and had a significant positive Spearman rank correlation with percent light.  This 
would indicate that Cymbella/Encyonema genera do not tolerate low light levels well and 
may prefer higher light environments, or they are outcompeted at low levels of light.  
Overall, the pattern of significant Spearman rank correlations (Table 20) was similar for 
Gomphonema, Cocconeis, and Fragilaria.  They all seemed to be able to tolerate lower 
levels of light, and were good competitors for nitrogen, phosphorus, and carbon.  
Fragilaria was not as tolerant of lower phosphorus or silica levels as Gomphonema and 
Cocconeis.  The growth habit of these three diatoms is quite different with Gomphonema 
growing on a mucilage stalk that can put it above adnate diatoms such as Cocconeis.  
Fragilaria is often colonial and attaches on the valve face (Cox 1996; Wehr and Sheath 
2003).  One could expect an adnate form to be tolerant of low light since it would often 
be shaded but a stalked form might normally be less shaded. 
Cymbella/Encyonema and Nitzschia had significantly positive responses to higher 
silica levels.  Achnanthidium also seemed to correlate with higher silica levels but the 
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response was not strong and this genus had no other significant responses to any of the 
measured variables.  Epithemia had no significant response to any of the measured 
variables.  This might indicate that either the variables that these two genera respond to 
were not measured or they were poor competitors in relation to the other genera present 
and were not able to take advantage of any of their optimal conditions. 
Gomphonema, Cocconeis, and Nitzschia all had significant positive correlations 
to chlorophyll-a or chlorophyll-a:AFDM and significant negative correlations to AFDM.  
These positive correlations to chlorophyll-a, which can be an indicator of filament 
growth, and the significant negative correlations with AFDM could indicate that these 
genera prefer filaments that are in better condition.  There was a tendency for 
Gomphonema density to decline over the sampling period and there was a significant 
negative correlation with date.  It would seem that as the filaments decomposed over the 
sampling period Gomphonema found less preferable habitat. 
Cocconeis, and Fragilaria also showed significant negative correlations with 
AFDM (Table 11) but showed no significant correlations with chlorophyll-a so they may 
not have a preference for actively growing filaments.  However, Nitzschia did have a 
significant negative correlation (p < 0.01) with date but a significant positive correlation 
(p < 0.05) with temperature and Si (p < 0.05).  Nitzschia may have declined throughout 
the sampling period due to declining water temperatures and Si concentrations.  Nitzschia 
is also the only motile genus found and it may have left the mat due to the increasingly 
hostile conditions. 
A summary of the responses of each diatom genus to location in the metaphyton 
mat and date is given in Table 21.  Gomphonema, Cocconeis and Fragilaria were most 
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common in the lower layers of the mat with no response to date.  Cymbella/Encyonema 
was the only group most common in the 2 cm layer of the mat and Achnanthidium was 
the only one that responded to date.  Cocconeis was the only genus that was more 
common at the center of the mat. 
 
Conclusions 
Stream inflow, surface runoff, and groundwater inflow into the study pond in 
addition to the pond sediments provided nitrogen, phosphorus and silica to the water 
column.  This nutrient input along with low turbidity in the spring permitted good light 
penetration to benthic filamentous algae allowing rates of photosynthesis high enough to 
produce buoyant oxygen bubbles that brought algal mats to the pond surface.  Once at the 
surface, filamentous algal mats were exposed to higher levels of solar radiation and 
increased temperatures, but may have continued to grow for a time.  Light intensity, 
dissolved oxygen, and temperature dropped significantly with increasing depth in the 
algal mat as did AFDM and dry mass. 
There was almost no difference in filament genera dominance in different layers 
of the mat, at the center versus the edge of the algal mat, or over the sampling period.  
There was also no change in the number of akinetes produced by the dominant genus 
Pithophora over the sampling period or with location in the algal mat. 
There was a decline in the condition of the algal filaments over the sampling 
period with the 2 cm layer showing the greatest decline as measured by chlorophyll-a.  
Both the 4 cm and 6 cm layers had higher chlorophyll-a concentrations and the 6 cm 
layer usually had the highest chlorophyll-a:AFDM.  The 6 cm layer had the lowest 
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biomass and concentrations of N, P, C, and Si over the sampling period.  All nutrients 
became limiting by the end of the sampling period.   
The diatom coverage on the filaments was significantly higher at the edge of the 
filamentous mat versus the center.  The 2 cm layer showed the greatest downward trend 
in diatom coverage over the sampling period. 
The diatom genera occurred in different areas of the filamentous mat with 
Gomphonema, Cocconeis, and Fragilaria appearing most often in the lower layers with 
lower light levels while Cymbella/Encyonema and Achnanthidium occurred in areas with 
higher light levels.  When averaged over the sampling period, all genera occurred more 
often at the edge versus the center of the mat.  Gomphonema, Cocconeis, Nitzschia, and 
Fragilaria were positively correlated with filaments with higher chlorophyll-a content.  
Achnanthidium, Cymbella/Encyonema, and Nitzschia required higher levels of Si. 
Future studies of metaphyton mats should look at the development of the mats 
from early spring to fall and assess whether filaments continue to grow once they come to 
the surface.  A study over a longer time period would also help further evaluate when 
filaments tend to form akinetes and whether the filaments could exhibit a change in 
dominance within the mat.  The size of the mat might also be important since a large mat 
could prevent more of the bottom of the mat from receiving ambient light. 
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Tables 
 
 
 
 
Table 1.  Surface water conditions in the study pond in Chester County, PA during  
July for three different years.  The data for 2002 are from Anderson (2004). 
Sampling Year Temperature 
(˚C) 
pH Specific 
Conductance 
(µS cm-1) 
Turbidity 
(NTU) 
July 2002 25.8 8.91 232 14.9 
July 2004 24.7 8.68 219 14.6 
July 2005 25.0 9.22 210 14.5 
 
 
 
Table 2. Nutrients at 0.5 m in the water column of the study pond in  
Chester County, PA in 2004. 
Collection 
Date 
TDP 
(mg L-1) 
SKN 
(mg L-1) 
NO3 & 
NO2-N 
(mg L-1) 
NO2-N 
(mg L-1) 
NO3-N 
(mg L-1) 
DOC 
(mg L-1) 
16 July 04 0.015 0.373 0.496 0.055 0.441 4.493 
29 July 04 0.023 0.435 0.387 0.016 0.371 4.876 
30 July 04 0.028 0.725 0.042 0.006 0.036 5.201 
 
 
 
Table 3.  Nutrients at 0.5 m in the water column of the study pond in Chester County,  
PA in 2005. 
Collection Date 
TDP  
(mg L-1) SKN (mg L-1) 
NO3 & NO2-N 
(mg L-1) 
NO2-N (mg L-
1) 
10 July 05  0.016 0.373 0.094 0.020 
11 Sept 05  0.023 1.385 0.023 0.001 
25 Sept 05  0.013 0.508 0.070 0.003 
 
Collection Date 
NO3-N  
(mg L-1) DOC (mg L-1) Silica (mg L-1) 
10 July 05  0.074 3.26 7.55 
11 Sept 05  0.022 7.65 1.43 
25 Sept 05  0.067 2.73 2.00 
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Table 4.  Conditions within the algal mats in the field (±SD) in the study pond 
in Chester County, PA in 2005  Each data point is an average of three nets  
except the last day when only one net was found. 
 
Date  
 
 
Depth 
in Mat 
(cm) 
 
Light Readings 
in Mat 
(µmol  
m-2 s-1) 
 
Percent Light 
Light in Air 
Above Pond 
Surface  
(µmol  
m-2 s-1) 
0 149.03±69.3 20.33±0.09
2 10.35±3.27 1.43±0.00
4 1.35±0.76 0.17±0.00
 
6 Aug 05 
 
6 2.15±2.38 0.33±0.00
 
733.3 
0 264.10±136 41.00±0.21
2 6.99±6.36 1.10±0.01
4 2.57±1.02 0.40±0.00
 
15 Aug 05 
 
6 2.98±1.92 0.40±0.00
 
643.3 
0 391.63±21.8 54.20±0.03
2 4.81±4.66 0.70±0.01
4 1.36±0.06 0.20±0.00
 
22 Aug 05 
 
6 1.15±0.72 0.20±0.00
 
722.7 
0 275.27±8.54 38.30±0.01
2 16.98±13.5 2.40±0.02
4 1.77±1.77 0.20±0.00
 
29 Aug 05 
 
6 1.29±1.22 0.20±0.00
 
718.6 
0 282.07±17.8 40.10±0.03
2 18.09±19.9 2.60±0.03
4 5.72±4.00 0.80±0.01
 
4 Sept 05 
 
 6 5.88±2.19 0.80±0.00
 
704.1 
0 438.10±48.3 48.60±0.05
2 25.52±23.4 2.80±0.03
4 2.41±0.93 0.30±0.00
 
11 Sept 05 
 
6 1.77±0.95 0.20±0.00
 
900.6 
0 228.69±149 33.33±0.22
2 12.89±14.2 1.90±0.02
4 3.12±2.70 0.47±0.00
 
18 Sept 05 
 
6 1.63±1.60 0.23±0.00
 
686.1 
0 54.36 21.90
2 0.62 0.30
4 0.32 0.10
 
25 Sept 05 
 
6 0.55 0.20
 
247.8 
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 Table 4 continued 
 
Date 
 
Depth in 
Mat (cm) 
 
Temperature (˚C) 
in Mat 
 
Dissolved 
Oxygen (mg L-1) 
 
Percent Oxygen 
Saturation 
0 32.5±1.39 9.5±2.13 128±25.7 
2 31.7±0.55 8.8±0.82 118±12.0 
4 30.7±0.10 7.9±0.66 104±8.30 
 
6 Aug 05 
 
6 30.5±0.20 7.9±0.45 103±4.95 
0 31.4±0.38 11.2±1.29 150±15.2 
2 30.4±0.72 10.0±1.55 131±20.4 
4 29.6±0.06 9.3±0.93 120±12.3 
 
15 Aug 05 
 
6 29.6±0.12 8.7±0.80 112±10.8 
0 31.3±0.86 7.8±0.10 104±1.73 
2 29.7±0.64 6.7±0.52 86.7±7.08 
4 27.7±0.55 5.6±0.38 70.5±5.42 
 
22 Aug 05 
 
6 27.3±0.42 5.5±0.62 68.2±7.87 
0 31.4±0.25 8.0±1.65 108±22.9 
2 29.8±0.47 6.6±0.51 85.0±7.22 
4 27.9±0.35 6.2±0.70 78.5±8.38 
 
29 Aug 05 
 
6 27.6±0.21 5.7±0.42 70.8±5.20 
0 27.5±1.05 7.8±0.50 97.1±7.14 
2 25.3±0.32 6.4±0.50 77.6±6.78 
4 24.1±0.35 5.7±0.47 67.6±5.64 
 
4 Sept 05 
 
 6 24.0±0.30 5.6±0.49 65.5±5.80 
0 25.8±0.84 9.1±0.98 110±11.2 
2 25.6±0.81 7.7±0.72 93.1±7.28 
4 25.0±0.64 7.1±0.72 85.0±7.25 
 
11 Sept 05 
 
6 24.8±0.57 6.9±0.84 82.5±9.12 
0 25.8±2.48 8.2±1.45 99.1±13.6 
2 25.3±1.19 6.6±0.65 79.9±6.38 
4 25.1±0.61 6.1±0.46 73.3±4.79 
 
18 Sept 05 
 
6 25.0±0.29 6.0±0.45 71.6±5.00 
0 22.9 5.6 64.7 
2 23.4 4.2 49.1 
4 23.1 4.1 47.7 
 
25 Sept 05 
 
6 23.0 4.8 55.5 
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Table 5.  The major genera of filamentous algae found on each  
sampling date and their percentage within the algal mat rounded to the 
nearest whole percent.  Three nets were collected on each date from the 
study pond in Chester County, PA in 2005, except the last day when only 
one net was found. Rare taxa are listed in Appendix I. 
Sampling 
Date 
 
Dominant 
Genera 
Other Genera 
6 Aug 05 
 
Pithophora 
(82%) 
Oedogonium 
(10%) 
15 Aug 05 
 
Pithophora 
(91%) 
Mougeotia, 
Oedogonium 
(5% each) 
22 Aug 05 
 
Pithophora 
(85%) 
 
Oedogonium 
(15%) 
29 Aug 05 
 
Pithophora 
(67%) 
Mougeotia 
(19%) 
Oedogonium 
(10%) 
4 Sept 05 
 
Pithophora 
(82%) 
Mougeotia 
(13%) 
Oedogonium 
(5%) 
11 Sept 05 
 
Pithophora 
(95%) 
Oedogonium 
(3%) 
 Mougeotia 
(1%) 
18 Sept 05 
 
Pithophora 
(82%) 
Mougeotia 
(6%) 
 Oedogonium 
(11%) 
25 Sept 05 
 
Pithophora 
(80%) 
 
Oedogonium 
(20%) 
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Table 6.  The total number of individuals of each genus of diatom epiphytes counted  
on algal filaments from the experimental nets in the study pond in Chester County, PA  
in 2005.  Rare taxa are listed in Appendix I.  
Genus Number of Samples 
Found In; Out of 137 
Total Number of 
Individuals Counted 
Gomphonema 137 34,935 
Cocconeis 137 16,566 
Cymbella/ 
Encyonema 
137 15,537 
Achnanthidium 135 7080 
Nitzschia 132 4119 
Epithemia 134 1453 
Fragilaria 112 1248 
 
 
 
 
Table 7.  Diatom genera richness over the sampling period within the algal mat at the 
center versus the edge, and at the various depths within the algal mat, within 
experimental nets anchored in the study pond in Chester County, PA in 2005.  Each  
value is an average of three nets except the last day when only one net was found. 
Date Total Center Edge 2 cm 4 cm 6 cm 
6 Aug 05 16 8.5 9.1 8.2 9.0 9.2 
15 Aug 05 13 8.4 8.0 7.5 8.6 8.5 
22 Aug 05 13 8.1 8.3 7.8 8.5 8.4 
29 Aug 05 13 8.2 8.1 8.2 8.2 8.2 
4 Sept 05 15 7.8 8.9 7.9 9.2 8.0 
11 Sept 05 10 6.9 6.8 6.3 7.4 6.7 
18 Sept 05 12 8.3 7.9 7.4 8.3 8.7 
25 Sept 05 13 8.3 7.7 8.0 7.0 9.0 
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Table 8.  Mean relative abundances for diatom genera with their location within the 
filamentous algal mat from experimental nets from the study pond in Chester County, PA 
in 2005.  Diatoms were counted along a total of 200 µm of filament.  Each day is an 
average of three nets, except the last day, so values will not add to 100%.  Numbers 
shown are percents (±1 SD).   
Date Gomph  
2cm center 
Gomph  
2cm edge 
Gomph 
 4cm center 
Gomph  
4cm edge 
Gomph  
6cm center 
Gomph  
6cm edge 
6 Aug 05 59±0.18 51±0.22 62±0.05 43±0.31 54±0.27 38±0.45 
15 Aug 05 39±0.16 32±0.12 56±0.35 41±0.19 40±0.11 39±0.21 
22 Aug 05 43±0.21 22±0.20 60±0.09 46±0.12 44±0.17 54±0.25 
29 Aug 05 26±0.18 32±0.18 40±0.16 27±0.17 48±0.16 24±0.11 
4 Sept 05 26±0.16 25±0.10 50±0.26 69±0.18 67±0.10 48±0.29 
11 Sept 05 19±0.14 18±0.13 36±0.00 52±0.36 37±0.40 47±0.22 
18 Sept 05 23±0.27 10±0.10 40±0.11 33±0.21 34±0.17 36±0.11 
25 Sept 05 18 1 40 60 38 68 
overall mean 0.32±0.1
4 
0.24±0.15 0.48±0.10 0.47±0.14 0.45±0.11 44±0.13 
 Cocconeis  
2cm center 
Cocconeis  
2cm edge 
Cocconeis 
4cm center 
Cocconeis 
4cm edge 
Cocconeis 
6cm center 
Cocconeis 
6cm edge 
6 Aug 05 18±0.10 16±0.23 18±0.09 18±0.10 18±0.12 34±0.32 
15 Aug 05 28±0.22 14±0.12 18±0.15 12±0.08 41±0.07 34±0.26 
22 Aug 05 16±0.10 16±0.02 12±0.03 22±0.17 24±0.10 14±0.11 
29 Aug 05 14±0.11 24±0.17 40±0.20 18±0.03 20±0.13 26±0.17 
4 Sept 05 18±0.04 08±0.05 18±0.06 12±0.10 20±0.14 11±0.10 
11 Sept 05 43±0.34 25±0.08 32±0.19 25±0.25 32±0.33 36±0.27 
18 Sept 05 11±0.11 13±0.14 24±0.23 25±0.07 35±0.13 28±0.09 
25 Sept 05 33 30 47 20 39 10 
overall mean 23±0.11 18±0.07 26±0.12 19±0.05 29±0.11 24±0.11 
 Cymb/Ency 
2cm center 
Cymb/Ency 
2cm edge 
Cymb/Ency 
4cm center 
Cymb/Ency 
4cm edge 
Cymb/Ency 
6cm center 
Cymb/Ency 
6cm edge 
6 Aug 05 10±0.64 17±0.14 04±0.04 22±0.34 8±0.08 22±0.33 
15 Aug 05 19±0.13 24±0.10 07±0.04 35±0.12 6±0.03 8±0.06 
22 Aug 05 30±0.29 35±0.22 03±0.02 17±0.14 5±0.01 19±0.11 
29 Aug 05 42±0.29 21±0.14 03±0.01 33±0.19 16±0.18 22±0.12 
4 Sept 05 37±0.15 52±0.09 18±0.27 5±0.03 5±0.03 18±0.09 
11 Sept 05 26±0.25 32±0.22 12±0.18 7±0.03 6±0.06 7±0.05 
18 Sept 05 39±0.22 28±0.07 04±0.02 23±0.03 14±0.09 19±0.06 
25 Sept 05 11 44 06 5 3 8 
overall mean 27±0.12 32±0.12 7±0.05 9±0.12 8±0.05 15±0.07 
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Table 8 continued  
 Achnand 
2cm center 
Achnand 
2cm edge 
Achnand 
4cm center 
Achnand 
4cm edge 
Achnand 
6cm center 
Achnand 
6cm edge 
6 Aug 05 6±0.06 4±0.03 6±0.02 4±0.02 4±0.03 2±0.00 
15 Aug 05 6±0.01 15±0.05 8±0.05 3±0.02 4±0.01 10±0.05 
22 Aug 05 4±0.02 11±0.07 5±0.03 5±0.01 12±0.03 6±0.01 
29 Aug 05 10±0.07 13±0.10 7±0.05 10±0.07 6±0.04 10±0.02 
4 Sept 05 11±0.02 7±0.02 5±0.03 4±0.03 3±0.02 10±0.07 
11 Sept 05 7±0.08 10±0.05 9±0.07 9±0.10 10±0.06 3±0.03 
18 Sept 05 21±0.15 34±0.19 27±0.28 2±0.09 8±0.05 10±0.08 
25 Sept 05 27 17 1 7 7 5 
overall mean 11±0.08 14±0.09 8±0.08 7±0.03 7±0.03 7±0.03 
 Nitzschia 
2cm center 
Nitzschia 
2cm edge 
Nitzschia 
4cm center 
Nitzschia 
4cm edge 
Nitzschia 
6cm center 
Nitzschia 
6cm edge 
6 Aug 05 5±0.05 6±0.02 7±0.02 7±0.04 11±0.08 3±0.02 
15 Aug 05 7±0.06 13±0.08 8±0.10 4±0.02 4±0.02 7±0.06 
22 Aug 05 5±0.07 13±0.05 15±0.05 4±0.01 6±0.02 3±0.01 
29 Aug 05 3±0.02 5±0.04 6±0.06 7±0.06 6±0.02 5±0.04 
4 Sept 05 4±0.01 4±0.03 8±0.04 6±0.04 2±0.02 7±0.06 
11 Sept 05 1±0.01 3±0.03 4±0.03 3±0.00 3±0.02 3±0.02 
18 Sept 05 3±0.03 10±0.17 2±0.02 3±0.02 3±0.01 3±0.00 
25 Sept 05 4 2 2 4 8 6 
overall mean 4±0.02 7±0.04 6±0.04 5±0.02 5±0.03 5±0.02 
 Epithemia 
2cm center 
Epithemia 
2cm edge 
Epithemia 
4cm center 
Epithemia 
4cm edge 
Epithemia 
6cm center 
Epithemia 
6cm edge 
6 Aug 05 1±0.00 2±0.01 3±0.02 3±0.04 2±0.01 1±0.00 
15 Aug 05 1±0.01 1±0.01 1±0.00 1±0.00 2±0.02 1±0.01 
22 Aug 05 1±0.01 2±0.02 1±0.01 1±0.01 1±0.01 1±0.00 
29 Aug 05 2±0.01 2±0.02 1±0.01 1±0.01 2±0.02 2±0.01 
4 Sept 05 3±0.03 2±0.02 1±0.00 1±0.00 1±0.00 1±0.00 
11 Sept 05 4±0.04 9±0.12 6±0.01 2±0.01 2±0.02 2±0.02 
18 Sept 05 3±0.02 2±0.01 2±0.01 2±0.00 1±0.01 2±0.01 
25 Sept 05 2 5 4 4 1 2 
overall mean 2±0.01 3±0.03 2±0.02 2±0.01 2±0.01 1±0.01 
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Table 8 continued  
 Fragilaria 
2cm center 
Fragilaria 
2cm edge 
Fragilaria 
4cm center 
Fragilaria 
4cm edge 
Fragilaria 
6cm center 
Fragilaria 
6cm edge 
6 Aug 05 1±0.01 1±0.01 1±0.01 1±0.01 1±0.01 1±0.00 
15 Aug 05 0 1±0.01 1±0.02 1±0.01 1±0.00 1±0.01 
22 Aug 05 2±0.01 1±0.00 3±0.03 4±0.07 6±0.05 6±0.05 
29 Aug 05 1±0.00 3±0.02 2±0.01 3±0.02 1±0.01 7±0.06 
4 Sept 05 1±0.01 1±0.01 0 1±0.01 2±0.03 5±0.04 
11 Sept 05 1±0.00 3±0.03 0 2±0.00 9±0.16 1±0.00 
18 Sept 05 1±0.00 0 1±0.01 1±0.01 1±0.01 2±0.03 
25 Sept 05 2 1 1 1 2 0 
overall mean 1±0.01 1±0.01 1±0.01 2±0.01 3±0.03 3±0.03 
Diatom genera abbreviations are Gomph, Gomphonema; Cymb/Ency, 
Cymbella/Encyonema; Achnand, Achnanthidium. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 62
Table 9.  Diatom density for diatom genera (±1 SD) with their location within the algal 
mat in experimental nets in the study pond in Chester County, PA in 2005.  Diatoms were 
counted along a total of 200 µm of filament.  Each day is an average of three nets except 
the last day when only one net was found.  
Date Gomph  
2cm 
center 
Gomph  
2cm 
edge 
Gomph 
 4cm 
center 
Gomph  
4cm 
edge 
Gomph  
6cm 
center 
Gomph  
6cm 
edge 
Total 
per 
Date 
6 Aug 05 146±121 275±125 279±92 260±217 229±76 258±353 1447 
15 Aug 05 90±116 48±138 489±168 356±259 153±99 297±202 1433 
22 Aug 05 158±38 66±55 175±91 261±12 181±212 527±420 1368 
29 Aug 05 79±56 100±75 121±42 152±142 261±111 84±71 797 
4 Sept 05 100±54 129±18 249±139 793±811 583±397 395±212 2249 
11 Sept 05 36±17 27±19 38±28 156±143 241±341 540±673 1038 
18 Sept 05 37±52 75±43 122±96 99±6 73±50 151±142 557 
25 Sept 05 23 2 65 448 240 688 1466 
mean 84±50.5 90±84.6 192±146 316±224 245±150 368±208  
 Cocc  
2cm 
center 
Cocc  
2cm 
edge 
Cocc 
4cm 
center 
Cocc 
 4cm 
edge 
Cocc 
 6cm 
center 
Cocc 
 6cm 
edge 
Total 
per 
Date 
6 Aug 05 62±75 130±202 75±28 135±147 87±66 79±91 568 
15 Aug 05 90±71 19±17 54±44 138±4 162±138 309±170 772 
22 Aug 05 58±22 61±28 31±11 130±89 63±27 86±70 429 
29 Aug 05 52±41 71±61 126±73 115±82 100±46 147±140 611 
4 Sept 05 72±6 46±21 94±51 96±69 126±44 75±45 509 
11 Sept 05 92±71 40±31 26±16 55±39 104±62 236±143 553 
18 Sept 05 22±19 27±25 46±6 90±40 67±56 101±77 353 
25 Sept 05 43 62 76 146 244 103 674 
mean 61±24 57±35 66±34 113±31 119±60 142±86  
 Cymb/ 
Ency 
2cm 
center 
Cymb/ 
Ency 
2cm 
edge 
Cymb/ 
Ency 
4cm 
center 
Cymb/ 
Ency 
4cm 
edge 
Cymb/ 
Ency 
6cm 
center 
Cymb/ 
Ency 
6cm 
edge 
Total 
per 
Date 
6 Aug 05 38±51 79±35 16±15 124±183 44±53 67±77 368 
15 Aug 05 24±71 43±87 36±27 393±134 36±30 41±23 573 
22 Aug 05 133±136 160±164 9±6 109±105 18±16 145±51 574 
29 Aug 05 148±139 79±82 9±1 168±140 90±106 72±55 566 
4 Sept 05 165±107 342±256 76±108 68±87 37±22 170±160 858 
11 Sept 05 63±75 37±12 22±36 18±5 25±8 205±154 370 
18 Sept 05 239±143 181±116 16±17 122±152 46±20 115±79 719 
25 Sept 05 14 91 10 36 19 80 250 
mean 103±80 127±101 24±23 130±117 39±23 112±57  
 63
Table 9 continued 
 Achnad 
2cm 
center 
Achnad 
2cm 
edge 
Achnad 
4cm 
center 
Achnand 
4cm 
edge 
Achnand 
6cm 
center 
Achnand 
6cm 
edge 
Total 
per 
Date 
6 Aug 05 34±54 29±33 24±7 27±28 23±11 7±6 144 
15 Aug 05 16±12 23±60 30±18 30±32 18±14 47±17 164 
22 Aug 05 15±9 46±46 14±9 31±6 35±21 51±26 192 
29 Aug 05 32±23 44±41 24±19 70±57 35±25 50±56 255 
4 Sept 05 46±14 47±42 23±16 22±5 22±3 91±100 251 
11 Sept 05 14±13 16±10 6±3 23±20 28±2 51±13 138 
18 Sept 05 127±69 233±194 123±162 58±66 22±11 75±69 638 
25 Sept 05 34 36 2 53 41 52 218 
mean 40±37 59±71 31±39 39±18 28±8 53±24  
 Nitzschia 
2cm 
center 
Nitzschia 
2cm 
edge 
Nitzschia 
4cm 
center 
Nitzschia 
4cm 
edge 
Nitzschia 
6cm 
center 
Nitzschia 
6cm 
edge 
Total 
per 
Date 
6 Aug 05 27±43 33±7 31±14 51±56 52±30 8±9 202 
15 Aug 05 31±31 35±7 16±6 44±46 21±17 37±28 184 
22 Aug 05 18±29 37±39 39±13 23±15 19±16 28±12 164 
29 Aug 05 11±4 12±9 18±19 56±60 33±12 37±57 167 
4 Sept 05 16±5 35±41 41±32 38±3 25±33 57±38 212 
11 Sept 05 2±2 5±4 5±6 7±4 8±7 14±12 41 
18 Sept 05 15±10 66±68 3±0 7±1 8±3 14±10 113 
25 Sept 05 6 3 4 31 49 57 150 
mean 16±10 28±21 20±16 32±19 27±17 32±19  
 Epithemia 
2cm 
center 
Epithemia 
2cm 
edge 
Epithemia 
4cm 
center 
Epithemia 
4cm 
edge 
Epithemia 
6cm 
center 
Epithemia 
6cm 
edge 
Total 
per 
Date 
6 Aug 05 2±3 11±4 16±15 46±19 10±4 4±3 89 
15 Aug 05 2±1 3±2 6±0 10±3 10±8 6±4 37 
22 Aug 05 4±3 6±5 2±2 4±2 3±1 8±1 27 
29 Aug 05 8±4 4±2 4±2 5±6 12±12 9±10 42 
4 Sept 05 13±17 11±5 2±1 13±16 7±3 7±3 53 
11 Sept 05 9±11 20±32 6±5 6±5 13±17 12±8 66 
18 Sept 05 16±7 9±1 7±8 9±7 4±2 12±11 57 
25 Sept 05 3 10 6 27 8 23 77 
mean 7±5 9±5 6±4 15±15 8±4 10±6  
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Table 9 continued 
 Fragil 
2cm 
center 
Fragil 
2cm 
edge 
Fragil 
4cm 
center 
Fragil 
4cm 
edge 
Fragil 
6cm 
center 
Fragil 
6cm 
edge 
Total 
per 
Date 
6 Aug 05 4±5 10±13 4±3 8±7 4±3 4±5 34 
15 Aug 05 1±1 1±1 2±2 5±7 5±2 6±4 20 
22 Aug 05 7±5 2±0 8±9 35±56 14±12 43±37 109 
29 Aug 05 3±2 6±3 5±3 26±25 5±4 50±73 95 
4 Sept 05 2±2 7±10 1±1 6±2 27±44 50±62 93 
11 Sept 05 1±1 7±9 0±0 6±4 10±17 11±9 35 
18 Sept 05 3±3 0±0 2±0 6±6 3±1 24±25 38 
25 Sept 05 3 2 2 4 15 0 27 
mean 3±2 4±4 3±3 12±12 10±8 24±21  
Diatom genera abbreviations are Gomph, Gomphonema; Cocc Cocconeis; Cymb/Ency, 
Cymbella/Encyonema; Achnand, Achnanthidium; Fragil, Fragilaria. 
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Table 10. Results of the 3-way ANOVA comparing diatom densities to date and  
location within the filamentous mat from experimental nets anchored in the study  
pond in Chester County, PA in 2005.  No interactions between date, depth, or  
center-edge were significant except the one listed for Achnanthidium.  Significant  
values are highlighted in red. 
Genus and Source 
of Variation 
df MS F p 
Gomphonema     
Date 7 116868.6 1.09 0.43 
Depth in Mat 2 457934.3 8.13 0.002 
Center/Edge 1 185913.7 6.46 0.03 
Cocconeis     
Date 7 5955.9 1.08 0.43 
Depth in Mat 2 44583.0 9.64 0.001 
Center/Edge 1 12505.0 2.10 0.17 
Cymbella/Encyonema     
Date 7 15071.0 2.60 0.07 
Depth in Mat 2 17316.6 1.81 0.19 
Center/Edge 1 118678.1 8.51 0.01 
Achnanthidium     
Date 7 9430.9 2.08 0.13 
Depth in Mat 2 1870.3 1.64 0.21 
Center/Edge 1 8092.2 4.19 0.06 
Date with Depth 14 3012.8 2.64 0.02 
Nitzschia     
Date 7 1464.6 1.45 0.27 
Depth in Mat 2 440.1 0.58 0.57 
Center/Edge 1 2604.4 4.00 0.07 
Epithemia     
Date 7 185.7 0.64 0.72 
Depth in Mat 2 47.9 0.30 0.75 
Center/Edge 1 478.0 5.32 0.04 
Fragilaria     
Date 7 549.8 0.87 0.56 
Depth in Mat 2 1601.4 2.22 0.13 
Center/Edge 1 1590.4 5.21 0.04 
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Table 11.  Spearman rank correlation coefficients between diatom density per 200 µm of 
algal filament, and particulate nutrient ratios and each nutrient alone, from experimental 
nets anchored in the study pond in Chester County, PA in 2005.  Significant correlations 
are highlighted in red.  All ratios are molar ratios except chla:AFDM which is in 
micrograms. 
 Gomph Cocc Cymb/Ency Achnand Nitzsch Epith Fragl 
C:N -0.63*** -0.35*  0.05  0.03 -0.20 -0.11 -0.26+ 
C:P -0.52*** -0.36*  0.05 -0.04 -0.36* -0.14 -0.43**
N:P -0.38** -0.30*  0.02 -0.06 -0.36* -0.15 -0.42**
Si:P  0.15 -0.05  0.34*  0.26+  0.25+  0.05  0.06 
Si:N  0.38*  0.17  0.28+  0.28+  0.47***  0.06  0.32* 
chla: 
AFDM 
 0.38*  0.24+ -0.10 -0.10  0.29+ -0.07  0.13 
light:P -0.37* -0.26+  0.20  0.18 -0.15 -0.09 -0.29* 
light:N -0.36* -0.25+  0.22  0.20 -0.09 -0.10 -0.26+ 
light:Si -0.46*** -0.30*  0.15  0.13 -0.21 -0.10 -0.32* 
light:C -0.33* -0.24+  0.22  0.19 -0.09 -0.11 -0.26+ 
N -0.33* -0.44**  0.14 -0.05 -0.10  0.16 -0.19 
C -0.52*** -0.47***  0.13 -0.04 -0.19  0.08 -0.27+ 
P -0.13 -0.22  0.12 -0.03  0.09  0.16  0.04 
Si -0.04 -0.21  0.33*  0.13  0.29+  0.20  0.13 
Chl a  0.26+  0.05 -0.21 -0.20  0.21 -0.10 -0.06 
AFDM -0.44** -0.34* -0.07 -0.08 -0.34* -0.02 -0.33* 
+p < 0.05, *p < 0.01, **p < 0.001  ***p < 0.0001 
Number of samples per correlation is 66.  Diatom genera are Gomph, Gomphonema; 
Cocc, Cocconeis; Cymb/Ency, Cymbella/Encyonema; Achnand, Achnanthidium; Fragl, 
Fragilaria; Epith, Epithemia; Nitzsch, Nitzschia. 
 
 
 
Table 12.  Spearman rank correlation coefficients between environmental field 
measurements and diatom density per 200 µm filament from experimental nets anchored 
in the study pond in Chester County, PA in 2005.  Significant correlations are highlighted 
in red. 
 Gomph Cocc Cymb/Ency Achnan
d 
Nitzsch Epith Fragl 
% light -0.37* -0.32*  0.25+  0.13 -0.08 -0.04 -0.29+ 
temp.  0.11 -0.12  0.07 -0.10  0.25+ -0.11 -0.11 
% sat. O2 -0.01 -0.03 -0.02 -0.09  0.01 -0.12 -0.26+ 
depth  0.42** 0.45*** -0.18 -0.04  0.08  0.09  0.38* 
date -0.33* -0.02 -0.00  0.18 -0.40**  0.16 -0.02 
+p < 0.05, *p < 0.01, **p < 0.001 ***p < 0.0001 
Number of samples per correlation is 66.  Diatom genera are Gomph, Gomphonema; 
Cocc, Cocconeis; Cymb/Ency, Cymbella/Encyonema; Achnand, Achnanthidium;  
Fragl, Fragilaria; Epith, Epithemia; Nitzsch, Nitzschia. 
 67
Table 13.  Total diatom density along 200 µm of algal filament, mean Si, and Si:P ratio 
for each sampling date from experimental nets anchored in the study pond in Chester 
County, PA in 2005.  All concentrations are in mmol. 
Day 
 
Diatom Density per 
200 µm of filament 
 
Mean Si 
 
Mean Si:P 
6 Aug 05 2850 0.47±0.10 15.67 
15 Aug 05 3180 0.30±0.11 30.00 
22 Aug 05 2862 0.53±0.21 17.67 
29 Aug 05 2533 0.49±0.16 24.50 
4 Sept 05 4222 0.39±0.26 19.50 
11 Sept 05 2238 0.26±0.05 13.00 
18 Sept 05 2476 0.29±0.13 14.50 
25 Sept 05 2860 0.30±0.14 10.00 
 
 
 
Table 14.  Spearman rank correlation coefficients for selected daily mean 
concentrations from Table 13.  None are significant.  All concentrations are  
in mmol per gram of dry mass. 
Daily Mean 
Concentrations 
Total Diatom Density per 
200 µm of Filament 
Si 0.43 
P -0.03 
Si:P 0.52 
 
 
 
Table 15.  Mean diatom coverage (µm2 µm-2) per filament surface area over the sampling 
period.  Filaments were collected from experimental nets anchored in the study pond in 
Chester County, PA in 2005.  Each value is an average of three nets (± 1 SD) except the 
last day when only one net was found. 
Date 2 cntr 2 edge 4cntr 4edge 6cntr 6edge 
6-Aug 3.2±3.5 5.5±2.3 4.9±1.8 6.4±3.3 4.5±2.0 3.8±2.9 
15-Aug 2.9±1.9 3.7±3.2 6.2±1.9 7.2±3.1 4.8±1.7 6.5±1.5 
22-Aug 3.7±0.4 3.4±1.6 2.9±1.4 7.0±4.0 3.4±2.4 8.9±3.0 
29-Aug 3.3±1.0 3.2±1.3 3.2±0.8 6.4±2.8 4.9±1.1 5.6±4.6 
4-Sep 3.7±0.7 6.4±3.6 4.8±1.0 10.2±8.4 7.6±3.7 8.0±2.7 
11-Sep 2.0±0.4 1.4±1.0 1.1±0.7 3.8±1.9 4.0±2.8 9.6±4.4 
18-Sep 3.7±2.0 4.2±2.4 3.4±2.8 4.0±2.8 2.2±0.3 5.0±3.4 
25-Sep 1.2 1.9 1.6 6.6 4.9 8.7 
mean 3.0±0.9 3.7±1.7 3.5±1.7 6.5±2.0 4.5±1.5 7.0±2.1 
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Table 16.  Nutrient ratios within the filamentous mat throughout the sampling period at 2 
cm from experimental nets anchored in the study pond in Chester County, PA in 2005.   
Each date is an average of three nets except the last day when only one net was found.  
All values are molar ratios.  
Date C:N N:P C:P Si:P 
6 Aug 05 13.5 38.1 516.1 24.5 
15 Aug 05 14.2 45.6 646.0 28.5 
22 Aug 05 16.7 32.5 542.4 25.9 
29 Aug 05 16.3 38.1 620.6 27.3 
4 Sept 05 17.7 43.0 761.8 30.5 
11 Sept 05 21.9 51.1 1118.2 23.3 
18 Sept 05 16.6 50.2 833.2 17.4 
25 Sept 05 20.1 73.6 1480.8 20.5 
 
 
 
Table 17.  Nutrient ratios within the filamentous mat throughout the sampling period at 4 
cm from experimental nets anchored in the study pond in Chester County, PA in 2005.   
Each date is an average of three nets except the last day when only one net was found.  
All values are molar ratios. 
Date C:N N:P C:P Si:P 
6 Aug 05 11.2 26.6 298.7 16.1 
15 Aug 05 10.9 32.1 348.7 19.7 
22 Aug 05 11.6 18.5 214.2 10.0 
29 Aug 05 11.8 31.3 369.1 14.1 
4 Sept 05 9.8 45.7 450.3 17.8 
11 Sept 05 12.2 29.3 356.9 7.7 
18 Sept 05 11.3 42.0 473.6 8.1 
25 Sept 05 11.7 31.6 371.3 7.2 
 
 
 
Table 18.  Nutrient ratios within the filamentous mat throughout the sampling period at 6 
cm from experimental nets anchored in the study pond in Chester County, PA in 2005.   
Each date is an average of three nets except the last day when only one net was found.  
All values are molar ratios. 
Date C:N N:P C:P Si:P 
6 Aug 05 10.8 27.6 299.4 18.1 
15 Aug 05 9.9 28.4 282.0 21.3 
22 Aug 05 10.2 19.5 198.9 23.3 
29 Aug 05 10.9 22.1 241.5 28.8 
4 Sept 05 10.5 29.2 306.8 22.5 
11 Sept 05 10.3 28.3 292.7 13.6 
18 Sept 05 10.2 22.5 228.8 11.3 
25 Sept 05 11.3 21.8 245.4 20.6 
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Table 19. Ratio of all four nutrients, C:N:P, within the experimental nets throughout the 
sampling period at 2, 4, and 6 cm depths within the filamentous mat, in the study pond in 
Chester County, PA in 2005.  All ratios are molar ratios.  Each ratio is based on an 
average of three nets for each date except the last day when only one net was found. 
Date 2 cm 4 cm 6 cm 
6 Aug 05 517:38:25:1 294:26:16:1 295:27:18:1 
15 Aug 05 668:47:30:1 342:31:19:1 274:28:21:1 
22 Aug 05 544:33:26:1 245:19:10:1 197:19:23:1 
29 Aug 05 608:37:27:1 366:31:14:1 241:22:29:1 
4 Sept 05 757:43:30:1 461:47:18:1 298:28:22:1 
11 Sept 05 1121:51:23:1 360:30:8:1 287:28:13:1 
18 Sept 05 823:50:17:1 465:41:8:1 230:11:11:1 
25 Sept 05 1447:71:20:1 374:32:7:1 249:22:21:1 
 
 
 
Table 20. Location of diatom genera along gradients of nutrient  
and environmental variables, and ratios based on Spearman rank  
correlation coefficients from Table 11.  Significant correlations  
are marked *.  Genera that tended to have similar responses are  
highlighted in the same color.   
 High Coeff. (+)                                          Low Coeff. 
date ACH > EPI > CYEN > FRG, COC > GMP* > NTZ* 
depth COC* > GMP* > FRG* > EPI > NTZ > ACH > CYEN 
temp. NTZ* > GMP > CYEN > ACH > FRG, EPI > COC 
% light CYEN* > ACH > EPI > NTZ >  FRG* > COC* > GMP* 
% sat. O2 NTZ > GMP > CYEN > COC > ACH > EPI > FRG* 
N EPI > CYEN > ACH > NTZ > FRG > GMP* > COC* 
C CYEN > EPI > ACH > NTZ > FRG* > COC* > GMP* 
P EPI > CYEN > NTZ > FRG > ACH > GMP > COC 
Si CYEN* > NTZ* > EPI > FRG, ACH > GMP >  COC 
Chl a GMP* > NTZ > COC > FRG > EPI > ACH > CYEN 
AFDM EPI > CYEN > ACH > FRG* >  NTZ*, COC* > GMP* 
C:N CYEN > ACH > EPI > NTZ > FRG* > COC* > GMP* 
C:P CYEN > ACH > EPI > NTZ*, COC* > FRG* > GMP* 
N:P CYEN > ACH > EPI > COC* > NTZ* > GMP* > FRG* 
Si:P CYEN* > ACH* > NTZ* > GMP > FRG > EPI > COC 
Si:N NTZ* > GMP* > FRG* > CYEN*, ACH* > COC > EPI 
Chla:AFDM GMP* > NTZ* > COC* > FRG > EPI > CYEN, ACH 
light:P CYEN >ACH > EPI > NTZ > COC* > FRG* > GMP* 
light:N CYEN* > ACH > NTZ > EPI > COC* > FRG* > GMP* 
light:Si CYEN > ACH > EPI > NTZ > COC* > FRG* > GMP* 
Diatom genera are GMP, Gomphonema; COC, Cocconeis; CYEN,  
Cymbella/Encyonema; ACH, Achnanthidium; FRG, Fragilaria; 
 EPI, Epithemia; NTZ, Nitzschia. 
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Table 21.  Summary of significant Spearman rank correlations and ANOVA comparisons 
of diatom density versus depth in the mat, center versus edge of the mat, and date of 
sampling.  Diatoms were counted along 200 µm of algal filament from mats in 
experimental nets anchored in the study pond in Chester County, PA in 2005.   
Genus Depth in Mat Center vs. Edge Date 
Gomph. 2cm lower* edge higher* no trend 
Cocc. 6cm higher* no trend no trend 
Cymb/Ency 2cm tended higher edge higher* no trend 
Achnd. no trend edge tended higher 2cm & 4cm increased
Nitz. no trend edge tended higher no trend 
Epith. no trend edge higher* no trend 
Frag. 6cm tended higher edge higher* no trend 
*Significant at p < 0.05. 
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Figures 
 
 
 
 
 
 
Figure 1.  Depth contours of the study pond in Chester County, PA (from Anderson 
2004). 
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Figure 2.  Aerial view of the pond watershed in Chester County, PA  
(from Anderson 2004). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. One of the study nets showing the 300 µm mesh netting at the bottom, four 
foam floats around the edge with a clear acetate wall attached above.  Most of the clear 
wall remains above the water and prevents the metaphyton from spilling out during 
windy periods. 
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Figure 4. Photomicrograph of a filament from one of the study nets on September 
25, 2005 with a heavy coverage of diatom epiphytes (100X). 
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Figure 5.  Light intensity versus depth within an algal mat from an experimental net in 
the study pond in Chester County, PA, 15 August 2005.  Each point is an average of three 
nets (±SE). 
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Mean Dissolved Oxygen and Percent Saturation with Depth in the Mat
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Figure 6.  Dissolved oxygen and percent oxygen saturation with depth in the algal mat 
from experimental net in the study pond in Chester County, PA, September 4, 2005.  
Each point is an average of three nets (±SE). 
 
 
 
Percent Oxygen Saturation Over the Sampling Period at Each Depth 
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Figure 7.  Percent oxygen saturation over the sampling period within each depth of the 
floating mat from experimental nets in the study pond in Chester County, PA 2005.  Each 
point is an average of three nets (±SE) except the last day when only one net was found. 
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 Temperature Over the Sampling Period at 4 cm 
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Temperature versus Depth in the Mat For Three Nets 
Collected on the Same Day 9/4/05
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b. 
Figure 8.  a. Change in temperature over the sampling period at 4 cm in an algal mat from 
an experimental net from the study pond in Chester County, PA 2005.  Each point is an 
average of three nets (±SE, all less than 0.4) except the last day when only one net was 
found.  b. Change of temperature between layers within the mat for three experimental 
nets collected on the same day, September 4, 2005, from the study pond. 
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 Algal Wet Weights in Preliminary Experimental Nets
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Figure 9.  Final filamentous algal wet weights from nets set out in the study pond from 
July 10 through July 30, 2005.  All nets started with 25 grams of filamentous algal 
metaphyton. 
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Diatom Genera Richness over the Sampling Period 
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Figure 10.  Average diatom genera richness over the sampling period in each layer of the 
algal mat from experimental nets from the study pond in Chester County, PA 2005.  All 
data points are an average (±SE) of three nets except the last day when only one net was 
found. 
 
 
 
Overall Diatom Coverage at Different Depths within the Mat
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Figure 11.  Mean diatom coverage (±SE) on the algal filaments from experimental nets 
from the study pond in Chester County, PA 2005.  Coverage at the edge of the algal mat 
was significantly (p = 0.001) higher than at the center of the mat.  The 2 cm layer had the 
lowest coverage overall. 
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Diatom Coverage for Center of the Mat over the Sampling Period 
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a. 
 
 
 Diatom Coverage for Edge of the Mat over the Sampling Period 
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b. 
Figure 12.  a. Diatom coverage per 200 µm of filament for the center of the algal mat. b. 
Diatom coverage per 200 µm of filament for the edge of the algal mat.  Filaments were 
collected from experimental nets anchored in the study pond in Chester County, PA in 
2005.  Each point is an average (±SE) of three nets except the last day when only one net 
was found. 
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Dried Algae Nitrogen Concentration over the Sampling Period
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Figure 13.  The nitrogen concentration over the sampling period at various depths within 
the algal mat within the experimental nets from the study pond in Chester County, PA 
2005.  All data points are an average (±SE) of three nets except the last day when only 
one net was found. 
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Figure 14.  The carbon concentration over the sampling period at various depths within 
the algal mat within the experimental nets from the study pond in Chester County, PA 
2005.  All data points are an average (±SE) of three nets except the last day when only 
one net was found. 
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Dried Algae Phosphorus Concentration over the Sampling Period 
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Figure 15.  The phosphorus concentration over the sampling period at various depths 
within the algal mat within the experimental nets from the study pond in Chester County, 
PA 2005.  All data points are an average (±SE) of three nets except the last day when 
only one net was found. 
 
 
 
Dried Algae Silicon Concentrations over the Sampling Period 
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Figure 16.  The silicon concentration over the sampling period at various depths within 
the algal mat within the experimental nets from the study pond in Chester County, PA 
2005.  All data points are an average (±SE) of three nets except the last day when only 
one net was found. 
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Rainfall in West Chester, PA During the Sampling Period, 2005
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Figure 17.  Rainfall in West Chester, PA during the sampling period in August and 
September, 2005.  Sampling dates were 6, 15, 22, and 29 August and 4, 11, 18, and 25 
September.  Data are from the Pennsylvania State Climatologist Station WCHP1 
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Ratio of C:N over the Sampling Period at Various Depths in the Mat
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Ratio of C:P over the Sampling Period at Various Depths in the Mat
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b. 
 
Ratio of N:P over the Sampling Period a Various Depths in the Mat
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c. 
Figure 18. Nutrient ratios over the sampling period at each depth in algal mats from 
experimental nets anchored in the study pond in Chester County, PA 2005: a. C:N ratio 
found in algal filaments.  b. C:P ratio found in algal filaments.  c. N:P ratio found in algal 
filaments.  Each point is an average of three nets except the last day when only one net 
was found. 
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Mean Ash Free Dry Mass over the Sampling Period 
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Figure 19.  Ash free dry mass (AFDM) over the sampling period for each depth within 
algal mats from experimental nets anchored in the study pond in Chester County, PA in 
2005.  The AFDM was measured in micrograms per gram of dry mass.  Each point is an 
average (±SE, all less than 15.0) of three nets except the last day when only one net was 
found. 
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Figure 20.  Chlorophyll-a over the sampling period for each depth within algal mats from 
experimental nets anchored in the study pond in Chester County, PA in 2005.  The 
chlorophyll-a was measured in micrograms per gram of dry mass.  Each point is an 
average (±SE) of three nets except the last day when only one net was found. 
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Ratio of Chlorophyll-a to Ash Free Dry Mass over the Sampling Period 
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Figure 21.  The ratio of chlorophyll-a to AFDM over the sampling period for each depth 
within algal mats from experimental nets anchored in the study pond in Chester County, 
PA in 2005.  Both chlorophyll-a and AFDM were measured in micrograms per gram of 
dry mass.  Each point is an average of three nets except the last day when only one net 
was found. 
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Figure 22. Average dry mass over the sampling period for each depth within algal mats 
from experimental nets anchored in the study pond in Chester County, PA in 2005.  Each 
point is an average (±SE) of three nets except the last day when only one net was found. 
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Appendix I: Rare Taxa that Occurred in Less than One Percent of the Samples 
 
 
 
 
Rare Algal Taxa Found in at Least One Sample 
 Oscillatoria, Phormidium, Chara, Zygnema, Microspora, Coccoid Cyanobacteria, 
Coccoid Chlorophytes, Rhizoclonium, Cladophora, Spirogyra, Hydrodictyon, 
Dinoflagellates, Pseudoanabaena, Anabaena, Peroniella, Chlamydomonas, 
Mallomonas, Stylosphaeridium, Epipyxis, Bulbochaete, Stichococus, Characiopsis, 
Ulothrix, Stipitococcus, Geminella, Tribonema, Radiofilum, Chaetophora, 
Stauroneis, Cosmarium, Gleocapsa, Azolla microspores, Chrysopyxis, 
Chamaesiphon, Lagynion, Dactylococcopsis, Characium, Ankistrodesmus, 
Chaetosphaeridium, Protonema 
 
 
 
 Rare Diatoms Found on Filaments at Least Once 
Navicula, Synedra, Eunotia, Cymatopleura, Cyclotella, Melosira, Surirella, 
Neidium, Pinnularia, Amphora, Ctenophora, Craticula, Frustulia, Amphipleura, 
Tabellaria, Planothidium, Rhoicosphenia, Denticula, Cymatopleura, Stauroneis, 
Bachysira, Meridion, Aulacoseira, Gyrosigma, Reimeria, Luticola, Caloneis, 
Darayevia, Sellaphora, Tryblionella, Asterionella, Achnanthes 
 
 
 
Appendix II: Algal Verifications 
 
 
 
 
Algal identifications for this study were verified by Dr. Frank Acker and Dr. 
Marina Potavin at the Academy of Natural Sciences of Philadelphia, Patrick Center for 
Environmental Research. Philadelphia, PA. 
 
 
 
 
 
 
 
 
 
 
